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Abstract

Let us consider the pervasive fragility of credentialed systems. Traditional
authentication hinges on stored, long-lived secrets—passwords, keys, or cre-
dentials—which, once exfiltrated, afford adversaries indefinite leverage. Zero-
knowledge proofs mitigate disclosure but often require heavy cryptographic ma-
chinery, trusted setups, or specialized circuits that are ill-suited to real-time
human interaction. This work presents a unified formalism—grounded in the
Rosario—Wang holographic manifold collapse, informational entangle-
ment, and the ENI6MA emergent proof-of-knowledge protocol—that re-
places stored keys with spatio-temporally bound witnesses derivable on
demand. Identity becomes per-event work rather than a permanent possession:
the honest agent is recognized by the ability to reproduce, now, a short trajec-
tory across a foliated manifold that only a matched verifier can reconstruct.

The construction begins with a language partitioned into disjoint, enu-
merated alphabets

M
A={A4,...,Au}, AiNA;=a (i #37), UAJ':£7
j=1
and an eigenvalue assignment that injectively labels every symbol,

)\j,i 7é )‘k,l for (],Z) 7é (kvg)

Disjointness ensures instant classification—each symbol belongs to exactly
one ring—enabling rapid pattern matching with no ambiguity. A secret com-
mitment is an ordered array

C=(s1,-..,5L), si € Ajey,



which the agent knows a priori. The verifier constructs, for each round,
a fresh manifold by rotating each ring and foliating it into n contiguous
slices (“zones”), thereby producing emergent subsets across alphabets. The
agent’s private morphism ¢ : T — Z is a bijection from interface inputs (e.g.,
keys/gestures) to zone indices, providing a secret synonym that links the re-
membered symbol to its leaf in the projection.

Session uniqueness is realized through entropy and time. A high-entropy
integer € (typically 256-512 bits) is sliced and time-mixed by a microsecond-
level coeflicient 7, after which the Rosario Modulo Index deterministically
selects blocks per alphabet and round,

tirj = ((rmod U) +rM + j) mod U, block, j = €144,

leading to ring-specific offsets
6(;7,) = block, ; mod |4;], (aj) = Potr) (4;).
The rotated strings are foliated into n slices per alphabet; concatenating
the z-th slices across alphabets yields the zone witness

ro__ r
Wz - a:laa,z'

For the r-th secret symbol s,., the agent declares the zone z, determined by
¢ (equivalently, by Gestalt perception of cluster membership), and membership
is tested:

M(s,, W] )=1{s, € W] }.
Acceptance is conjunctive across rounds via the accumulator

L
A= /\ M(Sra W;),
r=1

and the verifier accepts iff A = 1. Because (€, ) are session-fresh, identical
human inputs do not reproduce the same witnesses across sessions; transcripts
are therefore one-time fossils, not reusable credentials.

We formalize the system with axioms ensuring (i) alphabet disjointness and
eigenvalue distinctness; (ii) determinism of entropy/time mapping into offsets;
(iii) freshness of 7; (iv) secrecy of the morphism ¢; and (v) clean role separa-
tion between agent (projective interface) and verifier (manifold construction).
On this basis, we establish completeness (honest agents always accepted),
soundness with forgery probability bounded by

Pr[forge] < O~ 4277,

anti-replay (changing 7 reconfigures the manifold, invalidating stale tran-
scripts), and a passive zero-knowledge view (transcripts are simulatable and



leak no reusable information about C or ¢). Central to the design is the cogni-
tive advantage: disjoint alphabets and foliated clusters allow humans to locate
membership perceptually, not by serial search. In effect, the protocol is human-
fast, machine-hard: the agent finds cluster membership in constant perceptual
time, while an adversary lacking ¢ and £ faces combinatorial uncertainty across
CF zone sequences and 22 entropy states.

The manifold perspective sharpens these security and usability claims.
The projection f : R — R™ (with d > n) induces a foliation into hyperplane
leaves Ly, = {z | (wg,z) + by, = 0}. Each session’s rotated-and-sliced alpha-
bets realize a new emergent partition, and the agent’s morphism ¢ serves as
a bijective legend tying UI actions to leaves. This yields a holographic wit-
ness trajectory W = (wi,...,wy) that a matched verifier can recompute
exactly—yet no third party can reuse, since the geometry is time-indezed. In bi-
lateral mode, two “entangled twins” share the sealed morphism M and alternate
challenge-response; a man-in-the-middle lacking M cannot sustain consistency
in both directions under fresh nonces.

Beyond theory, the construction is engineered for constant-time, O(L)
verification with O(1) working memory, making it suitable for constrained de-
vices and real-time UX. The verifier logs indices and offsets for auditability
without curating secrets; servers thus store receipts, not keys. Operational con-
cerns—entropy quality, trusted time, code sealing, and side-channel suppres-
sion—are explicit, testable controls rather than unstated hopes. Parameteriza-
tion is transparent: with zone count C, secret length L, and entropy size A, the
per-attempt error budget

e=Ct427*

admits straightforward tuning for accessibility (e.g., lower C' with higher L)
or high-assurance machine channels (larger L, fixed C'). Typical human-centric
settings such as (C' = 6,L = 6,\ = 512) yield € ~ 1.6 x 10~°, dominated by
6%, while maintaining sub-second interaction.

In sum, this document contributes a unified, human-compatible proof-
of-knowledge framework in which (1) the secret is represented as a mem-
bership trajectory across disjoint rings, (2) entropy/time generate session-
unique geometries verifiable by a compiled twin, (3) witnesses are one-time
and auditably deterministic, and (4) security is provable under conserva-
tive, parameterized bounds. The approach harmonizes human cognition and
cryptographic rigor, relocating trust from warehoused secrets to reproducible
spatio-temporal work. Practically, this collapses the attack surface of phish-
ing, credential stuffing, and database exfiltration; philosophically, it reframes
identity as synchronized action rather than static possession. The result is a
blueprint for keyless, stateless authentication that is fast enough for every-
day use yet mathematically transparent, amenable to audit, and robust against
replay.




Introduction

1. Motivation and Problem Statement

Modern authentication inherits a perilous assumption: that secrets can be stored
safely. Password databases, API keys, TLS private keys, seed phrases—once
leaked—become durable liabilities. Even when secrets are hashed, side chan-
nels and reuse patterns invite exploitation; even when second factors are added,
phishing kits coerce live approvals. Zero-knowledge proofs (ZKPs) help, yet
common instantiations demand heavyweight circuits, special curves, trusted se-
tups, or gas-heavy verifiers, and they rarely embrace human ergonomics. We
seek a framework that (i) dispenses with persistent keys, (ii) supports human
and machine participants symmetrically, (iii) verifies in constant time, and (iv)
admits crisp, auditable security budgets.

This paper develops such a framework via three interlocking ideas: disjoint
enumerated alphabets as the substrate for rapid pattern identification; a
manifold projection that maps symbols to foliated leaves; and entropy-
time coupling that regenerates the manifold per session so that witnesses
are one-time. The agent’s “password” is not a stored string but the capacity
to recognize, now, which leaf contains each element of an ordered commitment
under a fresh geometry. In doing so, we recast identity as synchronized spatio-
temporal work.

2. Conceptual Overview of the System

The system’s primitives are deliberately simple yet structurally rich:

1. Alphabet Partition. A language £ is partitioned into disjoint, ordered
rings A = {A1,..., Ay} with A, N A; = @ for ¢ # j. Disjointness en-
sures that the membership of a symbol s (to which ring it belongs) is
unambiguous and thus instantaneously identifiable.

2. Eigenvalue Indexing. FEach symbol «a;; carries a unique integer eigen-
value A, ;. The injective map $ \alpha_ {j,i}\mapsto \lambda_{j,i}$ an-
chors symbols in linear algebra and supports projection, hashing, and
Boolean composition.

3. Commitment as Ordered Array. The secret is an ordered array C' =
(s1,...,50) with s; € Aj(;). Order matters; repeats are allowed by policy.
This array is not transmitted or stored in the clear.

4. Session Geometry. A high-entropy integer £ and time 7 drive per-
round, per-alphabet rotations and an n-way contiguous foliation. The
selection rule is the Rosario Modulo Index:

fir,j = ((r mod U) + rM + j) mod U, @g’j) = block, ; mod |A;].

Each alphabet A; becomes A;- = po (A;), then is sliced into n zones.
g
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5. Witnesses and Synonyms. The z-th zone witness at round r is

ro_ M r
Wz - a:laa,z7

a concatenation of the z-indexed slices across alphabets. A private bi-
jection ¢ : Z — Z maps interface inputs to zones, serving as the agent’s
“synonym legend”. For s, € C, the agent declares the zone z,. where s,
resides.

6. Acceptance. Membership is tested as M(s,, W] ) = 1{s, € W] }, and
acceptance is conjunctive:

L
A= A\ M(s,, W),  ACCEPT <= A=1.

r=1

Human advantage. Because the alphabets are disjoint and slices form per-
ceptual clusters, a human can locate s, rapidly (Gestalt proximity/similarity)
without scanning the entire language. Security advantage. Because (&, 7)
change each session, the same C' induces different witnesses; transcripts cannot
be replayed.

3. Modeling Assumptions and Threat Surfaces

We operate under explicit, auditable assumptions:

e Al (Disjointness). A;NA; = @ for i # j. Violations would re-introduce
ambiguity into recognition and weaken the one-shot classification property.

e A2 (Injective Indexing). Distinct symbols receive distinct eigenvalues
Aj.i, preventing collisions in linearized operations.

e A3 (Deterministic Offsets). Given (£,7,7,7), the index &, ; and offset

@EJ) are deterministic for both prover and verifier.

e A4 (Temporal Freshness). Changing 7 perturbs offsets, hence the
manifold; stale transcripts mismatch.

e A5 (Private Morphism ¢). The bijection from inputs to zones is known
only to the agent.

e A6 (Role Separation). The verifier alone constructs offsets and folia-
tions; the agent observes and declares.

Adversarial goals include forging acceptance without C' or ¢, replay-
ing transcripts at a later 7/, extracting morphisms from binaries, or lever-
aging side channels. Our security arguments target: (i) forgery bounds
Prlforge] < C~F 4+ 27*; (ii) anti-replay by construction; (iii) passive zero-
knowledge via transcript simulators; and (iv) white-box hardness of com-
piled twins supported by system engineering (TEEs, diversification, constant-
time operations).



4. Core Structures and Notation
We collect the principal symbols:

e Alphabets: A= {A4;,...,An}, with |A;| = a;, disjoint and enumerated
rings.

e Eigenvalues: )\;; € Z, injective over all j, 1.
e Commitment: C = (s1,...,5L), 5; € Aj@).
e Entropy & Time: £ (256-512 bits), sliced into e;; 7 (e.g., us).
e Rosario Modulo Index: «,; = ((r mod U) + rM + j) mod U.

* Offsets & Rotation: Of) = block,.; mod |4;], A} = pyc (4;).

N . S -

e Foliation: II, yields slices a%,... a7}, ;.
t . ro__ M r

e Witness: W] = (O, 07 ..

e Morphism: ¢ : Z — Z (private bijection).

e Membership & Accumulator: M (s, W] ), A = /\TL:1 M (sr, W ).

5. Contributions and Results

(i) Formalization of a human-compatible PoK. We show how disjoint
alphabets, manifold projection, and entropy-time coupling yield an interactive
proof where the “witness” is a trajectory of memberships rather than a preimage
or signature. Completeness and soundness follow from deterministic construc-
tion and combinatorial bounds.

(ii) Explicit forging and error budget. With zone cardinality C, length
L, and entropy size \, the per-attempt error

e=C"L 4272

is conservative, transparent, and tunable. This shifts risk management from
guesswork to measurable parameters.

(iii) Structural anti-replay. By embedding time 7 into offset selection,
replays fail without server heuristics. The same inputs map to different witnesses
across sessions.

(iv) Passive zero-knowledge view. Since witnesses are one-time and
¢ never leaves the agent, transcripts are simulatable and devoid of reusable
credential value.

(v) Constant-time, O(L) verification. Each round performs one rota-
tion, one foliation, and a membership check—amenable to SIMD and suitable
for constrained platforms.



(vi) Mutual entanglement (optional). Two compiled twins embed the
same sealed morphism M and alternate challenge-response; a MITM cannot
maintain bilateral consistency under fresh nonces.

6. Significance, Scope, and Limitations

Significance. The approach collapses the credential risk surface. Servers re-
main non-custodians of secrets; stolen databases reveal only historical receipts.
Phishing and stuffing become ineffective because acceptance depends on the
present tense of the proof under (£,7). The system also dignifies human fac-
tors: by aligning proof mechanics with perceptual grouping, it achieves fast,
low-friction interaction without sacrificing formal guarantees.

Scope. The framework spans human<«>Al and Al< Al settings, federated
access (OIDC/SAML), CI/CD provenance, and IoT/edge attestation. It is
transport-agnostic and integrates with traditional cryptosystems (e.g., deriv-
ing session keys from per-round state) without assuming specialized hardware
beyond optional TEEs.

Limitations. Assumptions must be engineered, not presumed: entropy
must have high min-entropy; time must be trustworthy; compiled twins must
resist extraction (diversified builds, TEEs, constant-time paths); and interfaces
must remain accessibility-conscious. While the zero-knowledge claim is passive
(eavesdropper model), active attacks demand standard channel protections (e.g.,
MACs over context and indices).

7. Organization of the Paper

Section 3 establishes preliminaries (alphabets, eigenvalues, a priori knowledge).
Section 4 constructs witnesses through rotation and foliation. Section 5 intro-
duces entropy/time and the Rosario Modulo Index. Section 6 states axioms
and proves the PoK theorem. Section 7 treats cognitive geometry and Gestalt
acceleration. Section 8 consolidates completeness, soundness, ZK, anti-replay,
and mutual authentication. Section 9 addresses implementation and system en-
gineering. Section 10 compares with PKI, ZK systems, and consensus proofs.
Sections 11-14 cover parameterization, applications, threat analysis, and future
directions; appendices provide formulae, pseudocode, and a glossary.




Part I. Preliminaries: Alphabets, Eigenvalues, and
A Priori Knowledge

1.1 Context and Motivation

The cryptographic system under study replaces static secrets with dynamically
recognizable membership patterns across disjoint alphabets. Unlike clas-
sical schemes where a secret key or password is stored and later compared, here
the agent demonstrates knowledge of a secret array by identifying, in real time,
which projection leaves of a foliated manifold contain the relevant characters.
This design relies on three structural properties:

1. A priori knowledge of alphabets — the agent already knows the distinct
sets that partition the language space.

2. Disjointness — alphabets do not overlap, allowing instantaneous pattern
classification.

3. Eigenvalue representation — each symbol in each alphabet corresponds
to a distinct eigenvalue, providing numerical anchors for projection and
verification.

This section develops the formal language necessary to describe these ele-
ments.

1.2 Formal Alphabets

Let the system define a language £ composed of several disjoint alphabets:

M
A={A1 Ay, Ay}, JA=L AinA;j=0o (i#)).

j=1
e M — number of alphabets.
e A j —the j-th alphabet, modeled as an ordered ring.
e Each alphabet A _j has cardinality |[A_j| =a_j.
Example. For a mixed English-numeric system, we may have:
e A 1=A B,...,Z (uppercase),
e A 2=a,b,...,z (lowercase),

e A 3=0,1,...,9 (numeric).



The lack of intersection (A i N A j = &) implies that each symbol
uniquely identifies the alphabet from which it originates. This property under-
pins the rapid search advantage: given any symbol s, the agent immediately
knows its ring of origin.

1.3 Enumeration and Ring Structure

Each alphabet is enumerated cyclically:

Aj={aj0,a51, - ja,-1}

with indices taken modulo a_j. The ring structure allows Md&bius-style
rotations:

Pk(Aj) = {aj,(i+k) mod a; | 0<i< aj}'

This enumeration supports deterministic offsets derived from entropy or time
(cf. Rosario modulo index). The cyclic property ensures that rotation preserves
set membership while randomizing order.

1.4 Eigenvalue Assignment

To facilitate projection into Hilbert space and cognitive verification, each symbol
o _j,1 is assigned a unique eigenvalue:

)\j,i (S Z, )\j,i 7é )\k,é for all (j,Z) 75 (k,f)

Thus, the collection of eigenvalues across all alphabets forms a distinct index
set:

A:{)\J’1|1§3§M,0§2<aj}

The eigenvalue representation has two roles:

1. Algebraic embedding — enabling linear mappings, XOR operations, and
Boolean accumulators.

2. Geometric embedding — eigenvalues act as coordinates in the high-
dimensional manifold M c R




1.5 Commitment Arrays
A secret commitment is defined as an ordered array:
C=(s1,82,---,8L), 5i € Ajgy-
e [ is the length of the commitment.
e Each s_i belongs to some alphabet A j(i), with associated eigenvalue
A (i), k.
Properties:

1. Order matters. The same symbols permuted differently correspond to
different commitments.

2. Distinctness. Each element of C' is distinct unless intentionally repeated.

3. Multi-alphabet membership. The array may draw symbols from one
or several alphabets.

1.6 A Priori Knowledge

The agent’s knowledge is formalized as:

Kagent = (Av A7 ¢)7
where:
e A is the set of alphabets,
e A is the eigenvalue assignment,

e ¢ :7Z — Zisthe private morphism mapping interface inputs Z (keystrokes,
gestures) to manifold zones Z.

Because A iNA j = @&, when the agent observes or recalls s 7, the mem-
bership test “which alphabet does s i belong to?” is trivial. This enables rapid
pattern recognition: complexity reduces from searching the union £ to simply
identifying its unique ring.

10



1.7 Lemma: Rapid Membership by Disjointness

Lemma 1.
Let A be disjoint alphabets, and let s € £. Then:

E”] s.t. s € Aj.

Proof. By disjointness, each s can belong to at most one A__j. By complete-
ness of the union, it must belong to exactly one.

Implication. The agent identifies s’s origin alphabet in O(1) cognitive
steps. This is strictly faster than overlapping systems, where ambiguity intro-
duces additional checks.

1.8 Cryptographic Significance

The absence of intersection is not merely a convenience but a security am-
plifier:

1. Cognitive acceleration. Agents locate membership without backtrack-
ing, ensuring real-time usability.

2. Resistance to substitution. Attackers cannot swap symbols between
alphabets, since no overlaps exist.

3. Auditability. The verifier can deterministically check membership against
the disjoint sets.

Combined with eigenvalue representation, this establishes the groundwork
for manifold projection, bijective mapping, and accumulation.

1.9 Transition to Geometry

So far we have defined:
e Alphabets A j (disjoint, enumerated).
e Eigenvalues A _j,4 (distinct identifiers).
e Commitment array C' (ordered selection).
e A priori knowledge K _agent (alphabets + morphism).

The next step is to embed these structures into geometric manifolds,
enabling projection into hyperplane leaves, Gestalt grouping, and XOR-based
witness verification. This geometric formalization provides the backbone for the
Rosario-Wang Proof.

11



Part 1I. Commitment Arrays, Manifold Projec-
tion, and Witness Construction

2.1 From Symbols to Geometry

Having established the alphabets A _j, eigenvalues A _j,i, and the agent’s a
priori knowledge K agent, we now address the central transformation: how a
discrete array of secret symbols is projected into a geometric manifold, from
which witnesses can be selected and verified.

The intuition is as follows:

1. The commitment array C' = (s_1,...,s L) represents the agent’s se-
cret.

2. Each symbol s ¢ has a unique eigenvalue A _s_1.

3. Eigenvalues serve as coordinates in a high-dimensional manifold M C
R,
4. A projection fM — R™ (with d > n) collapses this space into hyperplane

leaves L k.

5. The agent identifies which projected leaf each s ¢ inhabits and declares
the corresponding witness.

2.2 Manifold Embedding

Let M denote the manifold of eigenvalues:

M = {X = (Al,ila .. .,)\M,iM) S Rd},

with d =3 j=1Ma_j (total number of eigenvalues).
The projection function is defined as:

f:RT=S R, n<d,
satisfying distance preservation:

dproj (f(2), f(y)) = d(z, y).

This ensures that relative proximities of eigenvalues are preserved in the
lower-dimensional projected space.

12



2.3 Hyperplane Leaves

The projection induces hyperplane leaves (foliations) L k:

Ly={xe M | {(w,z)+ by =0},
where:
e w_k is the normal vector,

e b_k is the bias term.

These leaves partition the projection space into disjoint subspaces, each con-
taining subsets of eigenvalues from the alphabets.

Lemma 2.1. Every eigenvalue A _j, i is projected onto exactly one leaf L k.
Proof. By linearity of f and foliation definition, A _j, 4 yields a unique projec-
tion.

2.4 Gestalt Mapping and Cognitive Recognition

The human agent does not explicitly compute f. Instead, cognition operates
via a Gestalt mapping function:

G:H%Pagent;

where H is the Hilbert-space structure of projected leaves, and P_agent is
the perceptual grouping.

Interpretation.
Gestalt principles (proximity, similarity, closure) enable the agent to perceive
clusters of symbols and rapidly detect which group a target symbol belongs to.
This reduces cognitive verification to pattern recognition.

2.5 Commitment Array in Geometric Form

Let the commitment C = (s_1,...,s L) be mapped to a sequence of projected
leaves:

W:(wl,...,wL), w; € Z,

where Z is the set of zone indices (e.g., colors or orientations).
Thus:

The witness array W is the observable projection of the secret C.

13



2.6 Bijective Morphism

Recall the private morphism ¢ : Z — Z, mapping input actions Z (keystrokes,
gestures, symbols) to zones Z.

Definition.
For each round r and symbol s _r, the agent applies:

Zr = qb(ir)?

where ¢ 7 is the input corresponding to s_r.
Thus, the morphism ensures that every secret symbol s _r has a bijective
synonym in the projected manifold, recognizable only to the agent.

2.7 Witness Construction
Each round generates a zone witness X 7:
X, = Oiwzﬂz,z,»
where:

e a_a,z_r" is the z_r-th slice of alphabet a after entropy-driven rotation
in round r,

e o denotes concatenation.

The witness captures the entire slice of rotated alphabets corresponding to
zone z_T.
The agent then checks membership:

1 ifs, € X,,

0 otherwise.

M(sp, X,) = {

2.8 Boolean Accumulation

Across L rounds, the final proof accumulator is:

L
A= N\ M(s, X,).

r=1
e If A =1, the verifier accepts.

e If any symbol fails membership, A = 0 and the verifier rejects.

14



2.9 Lemma: Completeness

Lemma 2.2 (Completeness).

If the agent knows C' and follows protocol, then A = 1 with probability 1.
Proof. For each s_r € C, the agent identifies z_r via ¢ and selects X r

such that s » € X r. Thus M(s_r,X r) = 1 for all r. Therefore, A =

A _r=1F1=1.

2.10 Lemma: Soundness

Lemma 2.3 (Soundness).
For an adversary without knowledge of C' or ¢, the probability of passing is:

Prlforge] < O~ 4272,
Here:
e C = zone cardinality (e.g., 6).
e [ = length of commitment.
e )\ = entropy size (e.g., 512).

This matches the bound given in ENI6GMA entanglement theorems.

2.11 Example Walkthrough
Let:
e Alphabets: A 1=A,B,...,Z, A 2=0,1,...,9.
e Secret: C = (B,7,D).
e Zones: Z2=0,1,2,3,4,5.
e Private morphism ¢ maps keys to colors.

Round 1: agent identifies B € A 1, projected into zone z 1 = 2.
Witness X 1 contains slice A, B,C,D. Since Be X 1, M(B,X 1)=1.
Repeating for 7 and D yields M =1 for each.
Accumulator A = 1, proof accepted.

15



2.12 Cognitive Acceleration

Key Point.
Because alphabets are disjoint, the agent never confuses membership:

e B can only belong to A 1,
e 7 can only belong to A2,
e ctc.

Thus recognition is instantaneous, reducing cognitive load and enabling
rapid real-time authentication.

2.13 Transition to Entropy and Temporal Mixing

So far, commitment and witness construction have been described in a static
setting. In practice, however, each round’s witnesses are rotated and foliated
dynamically, driven by entropy and time. This ensures that even if the same
secret C' is reused, the witnesses X r differ across sessions, preventing replay.

This motivates Part I1I: Entropy, Temporal Mixing, and Rosario Mod-
ulo Index.

Part III. Entropy, Temporal Mixing, and the Rosario
Modulo Index

3.1 Motivation

Up to now, we have described how disjoint alphabets, eigenvalues, and manifold
projections allow an agent to commit to and demonstrate knowledge of a secret.
However, without entropy and temporal variability, such a system would
be vulnerable to replay: a captured witness array W could be replayed in a
future session.

The ENI6GMA framework resolves this by introducing:

1. High-entropy base integer £ (256-512 bits).
2. Time coefficient 7 (microsecond precision).

3. Rosario Modulo Index x_ 7,7, a deterministic selection function that
maps entropy and time into rotation offsets for each alphabet ring.

Together, these mechanisms produce fresh manifold states per session, while
still enabling deterministic recomputation by the verifier.

16



3.2 Base Entropy

At commitment, an agent selects an integer:

£ eN, |€] € [256, 512] bits.
This value is written in base 10® (thousand-ary) for human-auditable slicing:

N—-1
E= €-1000°, e €{0,1,...,999}.
i=0

e Each e i is a slice, a 3-digit block.

e The usable window size is U (default U = 25), providing up to 25 inde-
pendent slices.

3.3 Temporal Mixing
To prevent entropy reuse across sessions, we mix slices with a time coefficient:
é; = (7 - e;) mod 1000.

e 7 = microsecond timestamp, or more generally a high-resolution clock
counter.

e Multiplication ensures variability even if £ remains fixed.

e Modulo operation keeps slices bounded within three digits.

Thus each session generates a unique set of € i, even if the base entropy &
is reused.

3.4 Rosario Modulo Index

The Rosario Modulo Index «_r,j selects which slice to apply at round r for
alphabet j:

kr; = ((tmod U) +rM + j) mod U.
e r = round number.

e M = number of alphabets.

e j = alphabet index.

17



e U = usable slice count.

The selected block is then:

block, ; = €144, ;-

Key Property. The function is deterministic given (£, 7,7,75), so the
verifier can recompute it exactly. But to an adversary without &£, outputs are
indistinguishable from randomness.

3.5 Offset Formation

From the selected block, we compute the rotation offset:

0 = block, ; mod |4,
and rotate the alphabet:

() = Pt (Aj)-

This M6bius rotation ensures that every round presents a fresh ordering of
the alphabet ring.

Example.
IfA j=AB,C,D,E,F and © = 2, then:

pg(Aj) = {C,D,E,F,A,B}.

3.6 Foliation into Hyperplanes

After rotation, each alphabet is partitioned into n slices (zones):

As={alg,..., a;-’aj_l}, (@ g,y ) = T, (A)),
where II _n is the foliation function:
_ | Al _ 4. _
= ., r=1]Ajlmodn, { =q+1{k<r}
n

Each slice a_j, k" corresponds to one zone.
Thus, in every round, the manifold is re-formed: all alphabets are rotated
and foliated anew.

18



3.7 Witness Construction with Entropy

The witness for zone z in round r becomes:
ro__ r
We = 02192

where o denotes concatenation.
The agent, using morphism ¢, selects z_r = ¢(i_r) and checks membership:

1 ifs, € W7,

0 otherwise.

M(Sra Wzrr) = {

3.8 Accumulator with Entropy

Over L rounds, the acceptance condition is:

L
A=\ M(s,,W7).

r=1
e Honest agent: A = 1.

e Adversary: must guess s_r and zone z_r across L rounds.

3.9 Lemma: Anti-Replay

Lemma 3.1 (Anti-Replay).
Let T=(X _1,...,X T) be a transcript generated at time 7. Replaying T at
time 7' # 7 fails with overwhelming probability.

Proof. Since é_i = (7e_1) mod 1000, changing 7 changes all € i, which in
turn alters k_7,j and ©_«a 4. Thus the rotated alphabets differ, producing
different Wz r". Hence membership checks fail.

3.10 Lemma: Entropy Complexity

Lemma 3.2.
The state space of guesses is bounded by:

Cauess & maX{QA, CL}.
e 2 — entropy complexity.

e CL — combinatorial witness space.
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Thus guessing requires work exponential in A or L.

3.11 Error Bound

The per-attempt error probability is:

e=CL427M
For typical parameters (C' = 6,L = 6, A = 512):

e<6%4+252516x107°.

This matches the conservative bounds established in ENI6GMA’s entangle-
ment theorem.

3.12 Discussion: Why Time Matters

Time is not a cosmetic parameter but a constitutive dimension:

e Without 7, transcripts would be reusable.

e With 7, each session yields a fresh manifold, even for identical commit-
ments.

e Replay is structurally impossible, not merely discouraged.

This elevates time from an external policy (e.g., “session timeout”) into a
cryptographic primitive.

3.13 Example Calculation
Suppose:

e £ =123456789012,
e Written as slices: e = 012, 789,456, 123],

7 = 10% + 57 microseconds,

e U=4,M=2,n=6.
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Round 1, alphabet 1:

k1,1 =((rmod4)+1-2+1)mod4=(1+3)mod4=0,

so block = é 1= (7-012) mod 1000.
Offset:

0} = & mod |4,].

Thus the ring is rotated by @_A_l(l) before foliation.
Every session yields a different offset sequence.

3.14 Transition to Proof Properties
With entropy and time integrated, we now have a system where:
1. Commitments C' are mapped into witnesses W.
2. Each witness W is session-unique due to (&, 7).
3. Acceptance depends on membership under entropy-driven rotations.

This establishes completeness, soundness, and anti-replay as formal
properties.

The next step is to state these explicitly as axioms and lemmas of the
system, culminating in a proof-of-knowledge theorem.

Part IV. Axioms, Lemmas, and the Proof-of-Knowledge
Theorem

4.1 Purpose of Axiomatization

To evaluate any cryptographic primitive rigorously, we must distill its mechanics
into axioms (primitive truths), lemmas (derived properties), and theorems
(overarching guarantees). This structure clarifies which properties are assumed,
which are proven, and how the system achieves its claimed security.

In the ENI6MA framework, the following dimensions require axiomatization:

1. Alphabet structure (disjointness, enumeration, eigenvalues).

2. Entropy and time coupling (deterministic randomness).

w

. Morphisms (private bijections between input and zone).

4. Witness construction (rotation + foliation).
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5. Verifier acceptance (Boolean accumulation).

4.2 Axioms

Axiom A1l (Alphabet Disjointness).
Vi # j, AiﬂAJ‘ZQ.

Interpretation. Each symbol belongs uniquely to one alphabet, enabling
O(1) identification.

Axiom A2 (Eigenvalue Distinctness).
V(5,1) # (K, £),  Nji # Ake-

Interpretation. Each symbol is uniquely represented numerically, preventing
collision.

Axiom A3 (Entropy Determinism).

Given (&, 7,r,7), the Rosario Modulo Index yields a unique slice:

krj = ((tTmod U) +rM + j) mod U.

Thus, blockxr, j and O« j (") are deterministic for both prover and verifier.

Axiom A4 (Time Freshness).

If 7 = 7/, then for some j,r:

0y (r) # 0)(7).
Interpretation. Changing the time parameter yields different rotations, en-
forcing non-replay.

Axiom A5 (Private Morphism).

There exists a bijection:

6:T— Z,

known only to the agent, mapping input actions to zone indices. Without
¢, adversaries cannot predict z_r.
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Axiom A6 (Verifier Independence).

The verifier computes offsets and foliations independently of the agent’s Ul
choices; the agent only submits witnesses. This enforces clean role separation.

4.3 Lemmas

Lemma L1 (Completeness).

If the agent knows commitment C' and applies ¢ correctly, then the verifier
accepts with probability 1.

Proof.
For each s_r € C, the agent selects z_r = ¢(i_r) and thus s r e W_z r".
Hence M(s_r,W _z r") =1 for all r. Therefore A = A\ r=1%1=1.

Lemma L2 (Soundness).

For an adversary without C' and ¢, the probability of passing is bounded by:

Pr[forge] < C~F 4272,
Proof.

e Without ¢, adversary must guess correct z_r for each round: probability
c-r

e Without £, adversary must guess entropy block: 27,

e Union bound yields stated probability.

Lemma L3 (Anti-Replay).

Replaying transcript 7 (7) at time 7/ # 7 fails with overwhelming probability.
Proof.

By A4, changing 7 changes offsets ©, hence rotated alphabets differ. Thus

s r¢W_z r"(7') for at least one r. Then A = 0.

Lemma L4 (Zero-Knowledge for Passive Adversaries).

Transcripts reveal no information about C' or ¢ beyond acceptance.
Proof Sketch.
Witnesses W _z 7" are one-time due to A3 and A4. They can be simulated by
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uniformly sampling zones and entropy. Since ¢ never leaves the agent and &
never leaves the verifier, transcripts leak no reusable structure.

4.4 Theorem: Proof-of-Knowledge Property

Theorem 1 (ENI6MA PoK).
Under axioms A1-A6, the system is a complete, sound, and zero-knowledge
proof of knowledge of C.

Formally:

1. Completeness. Honest agent always accepted (Lemma L1).
2. Soundness. Adversary’s success probability < C~L 4+ 27* (Lemma L2).

3. Zero-Knowledge. Transcripts simulatable without C' or ¢ (Lemma L4).

Therefore, the protocol constitutes a cryptographic proof of knowledge.

4.5 Entropy—Alphabet Interaction

A key innovation is that entropy and time are not external randomness, but
directly embedded into alphabet rotations:

() = Pt (Aj)-

This yields a holographic manifold where every projection leaf is a determin-
istic function of (£,7). Thus, both verifier and agent can reproduce structure,
but adversaries cannot.

4.6 Cognitive Gestalt Lemma

Lemma L5 (Gestalt Acceleration).
For human agents, membership tests M(s_r,W =z r") are performed in sub-
linear time via perceptual grouping.

Justification.
Humans recognize membership by proximity and similarity, not sequential
search. This gives the system ergonomic viability: humans can authenticate
quickly even when alphabets are large.
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4.7 Example Calculation
Parameters: M =3, n=6, L =6, A\ = 512.
e Entropy: £ = 512-bit integer.
e Time: 7 = microsecond clock.

e Zones: C = 6.
Error bound:

e=604+252516x107°.

This is far lower than typical password guess probabilities (1/10°), yet
achieved with real-time verification.

4.8 Discussion of Axioms

e A1-A2 guarantee unambiguous symbol classification.
o A3—A4 ensure deterministic but session-unique offsets.
e A5 protects against transcript reuse by adversaries.

e A6 maintains separation of duties between agent and verifier.

Together, these create a system that is both mathematically sound and
operationally secure.

4.9 Transition

We now have a fully axiomatized system with proofs of completeness, soundness,
anti-replay, and zero-knowledge.

The next step is to explore Part V: Cognitive Geometry and Gestalt
Search — explaining how the human mind exploits manifold projection to
perform rapid recognition across foliated leaves.

Part V. Cognitive Geometry and Gestalt Search

5.1 Introduction

The ENI6MA /Rosario-Wang proof system is unusual among cryptographic pro-
tocols: it deliberately recruits cognitive perception as part of the verification
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process. Where classical cryptography relies solely on machine computation,
here the human agent’s Gestalt faculties—proximity detection, clustering,
and pattern recognition—form an indispensable component of security.

The central claim is that the human brain can rapidly identify member-
ship in projected manifold leaves, exploiting geometry in ways that would be
combinatorially expensive for a machine.

5.2 Geometry of the Projection

Recall that each round produces rotated and foliated alphabets:

(@0 155 1) = Tn(pgn (A7)
J

Concatenating across alphabets yields witnesses:

ro__ r
W, =Q0j=19; .-

Thus, the manifold at round r is partitioned into zones W_0",..., W _n —1".

Each witness corresponds to a leaf of the projection manifold. Visually (or
auditorily, or haptically), the agent perceives these leaves as grouped regions.

5.3 Gestalt Mapping

We model perception as a Gestalt mapping:

G: {W;} — ,Pagenta

where P _agent is the space of perceptual clusters.

Principle of Proximity.
Symbols placed together in a leaf W _ 2" are perceived as belonging to one
cluster.

Principle of Similarity.
Symbols sharing visual or auditory resemblance are grouped, even across alpha-
bets.

Principle of Closure.
The brain tends to complete incomplete clusters, accelerating recognition of
expected members.

These principles yield sub-linear search: the agent perceives whole clusters
rather than scanning symbols sequentially.
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5.4 Cognitive Witness Identification
For each secret symbol s _r:

1. Agent recalls its alphabet membership s r € A j(i).
2. Agent inspects projected leaves W 2".

3. Gestalt mapping highlights which leaf contains s _r.

W

. Agent declares the synonym (zone index z_r).
Formally:

Zr = G(sra {Wzr})

This replaces brute-force membership tests with perception-driven identifi-
cation.

5.5 Lemma: Gestalt Efficiency

Lemma 5.1.
For human agents, expected search complexity for locating s r in W _ 2" is
O(1) perceptual operations, not O(|£|) symbol checks.

Justification.
Psychophysical studies show that humans detect targets by cluster membership
rather than serial inspection when sets are visually or structurally grouped.
Since foliated leaves act as clusters, recognition is constant-time perceptually,
even when alphabets are large.

5.6 Cognitive Geometry: Projection as Trajectory

The sequence of identifications (z_1,...,z L) forms a trajectory on the zone
set Z. This trajectory is not random: it reflects both the structure of the
secret C' and the entropy-driven foliations.

Thus, knowledge of C manifests as the ability to trace the correct trajectory
across manifold leaves.

Formally:

T:(Zh...,ZL), Zr:(b(ZT)

The transcript 7 is the holographic witness trajectory.
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5.7 Gestalt and XOR Membership

Membership check M(s_r, W _z ") can be reframed cognitively as a Gestalt
XOR:

1 if Gestalt group contains s,

M(Sm Wzrr) - {

0 otherwise.

The XOR interpretation arises because perceptual recognition is binary: the
agent either perceives membership or not. There is no partial match.

5.8 Example

Suppose:
e Alphabets: A 1 = uppercase, A 2 = digits.
e Secret C = (H,7,P).

e Round r =1 yields slices:

Wy ={A,B,C,1,2}, W{={D,E,F,34}, Wy ={G, H1I5,6},...

The agent perceives clusters W z'. Looking for H, Gestalt grouping high-
lights cluster W _ 21,
Thus z 1 =2,and M(H,W_2') =1.

5.9 Cognitive Advantage over Machines

Machines, absent ¢ and C, must:
1. Tterate over n zones per round.
2. Check membership across concatenated slices.
3. Try to guess correct sequence 7T .

Complexity: O(CT).
Humans, by contrast, exploit Gestalt clustering:

e Immediate recognition of s_r’s cluster.
e No need for brute-force search.

Thus the system is human-fast but machine-hard—a reversal of typical
cryptography.
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5.10 Lemma: Cognitive One-Wayness

Lemma 5.2.
The mapping C' — 7T is easy for agents with a priori knowledge, but hard to
invert for adversaries without it.

Reasoning.

e Forward direction: agent perceives membership clusters (easy).

e Inverse direction: adversary, lacking ¢, sees only transcripts. They cannot
deduce C since each symbol could belong to any alphabet slice across
entropy rotations.

Thus the function is asymmetric in complexity.

5.11 Emergent Subsets

As alphabets are distributed across foliated leaves, new emergent subsets
form:

r__ .r T r
W, =aj,Uay,U---Ud),.

These subsets contain characters from multiple alphabets.

Significance.
Membership of s_r is decided not within its original alphabet A j alone, but
within emergent combinations. This amplifies complexity for adversaries: guess-
ing requires navigating subsets not predictable from base alphabets.

5.12 Cognitive Foliation Theorem

Theorem 2 (Cognitive Foliation).
For each s _r € C, there exists exactly one emergent subset W 2" such that
s _reW 2" and the agent can identify it in O(1) perceptual time.

Proof.
Foliation guarantees disjointness: W_0",...,W n — 1" partition the rotated
alphabets. Therefore s r belongs to exactly one. Gestalt mapping ensures
constant-time recognition.

5.13 Security Implications

e Replay resistance (via entropy and time) ensures transcripts cannot be
reused.
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e Gestalt acceleration makes human use practical without lowering secu-
rity.

e Adversarial difficulty arises because emergent subsets W _ 2" are un-
predictable without &, 7.

Thus the system binds security to human cognition 4 entropy geome-
try.

5.14 Transition

We now understand how humans interact with the system, exploiting Gestalt
search to identify membership trajectories.

The next step is to integrate this with Part VI: Formal Cryptographic
Properties (Completeness, Soundness, Zero-Knowledge, Mutual Au-
thentication), consolidating everything into the final theorem.

Part VI. Formal Cryptographic Properties

6.1 Overview

The ENI6MA /Rosario-Wang system is designed as a stateless proof-of-knowledge
framework. It dispenses with reusable keys and instead derives ephemeral
holographic witnesses bound to entropy and time. The strength of such a
system is measured not only by mathematical soundness but also by its compli-

ance with the canonical properties of interactive proofs:

1. Completeness — an honest agent with correct knowledge is always ac-
cepted.

2. Soundness — a dishonest adversary cannot cheat with more than negli-
gible probability.

3. Zero-knowledge — transcripts leak no reusable information about the
secret.

4. Mutual authentication — both sides can verify each other, extending
security beyond one-sided proofs.

We now formalize each property and connect it to the axioms and lemmas
established earlier.
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6.2 Completeness

Definition.
Completeness requires that if the agent holds the true secret commitment C' and
applies the morphism ¢ correctly, then the verifier must accept with probability

1.
Formal Statement.

Pr[ACCEPT | honest agent] = 1.

Proof.
For each round r:

1.s_reA_jr).

2. Agent identifies z_r = ¢(i_r).

3. By construction, s re W _z r".
4. Therefore M(s_r, W _z r")=1.

Thus:

L
A= N\ M(s,, W) =1
r=1
Hence verifier accepts with certainty.

Intuition.
Completeness is guaranteed because the protocol is deterministic for honest

participants: entropy, time, and rotations are shared, so the verifier reproduces
the same manifold as the agent.

6.3 Soundness

Definition.
Soundness bounds the probability that a dishonest adversary, lacking C' and ¢,

can produce an acceptable witness.
Formal Statement.

Pr[ACCEPT | adversary] < C~% 427,
e C' = number of zones (e.g., 6).
e [ = commitment length.
e )\ = entropy size (e.g., 512).

Proof Sketch.
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1. Without ¢, adversary must guess the correct zone z _r each round. Prob-
ability C—L.

2. Without &, adversary must guess entropy state. Probability 2.

3. Union bound yields stated result.

Example.
Parameters (C' = 6,L = 6,\ = 512):

e=6"942"512x16x107°.

This is astronomically small compared to password brute force.

6.4 Zero-Knowledge

Definition.
Zero-knowledge requires that an eavesdropper gains no reusable knowledge of
C or ¢ from observing transcripts.

Transcript Structure.

A transcript is:

T ={W. L)}/,

where Wz " are witnesses, I _r are indices.
Simulator.
A simulator can generate indistinguishable transcripts by:

1. Sampling random zones z_r €0,...,C — 1.
2. Generating pseudorandom entropy to build Wz »".
3. Logging indices accordingly.
Because witnesses are one-time (due to 7 and &), the distribution is simu-
latable without access to C.
Formal Statement.
3 polytime simulator S: S = T.

Implication.
Captured transcripts have no replay value; they are fossils of a past session.
This aligns with the entanglement principle: evidence is transient, knowledge
remains private.

32



6.5 Anti-Replay

Replay resistance is stronger than in typical zero-knowledge proofs. Here it is
structural:

é; = (7 - e;) mod 1000.

If 7/ # 7, then foliations differ. Thus the same transcript 7 (7) will fail when
replayed at 7’.

Lemma Recap.
Anti-replay was formalized in Lemma L3: acceptance probability — 0 for re-

plays.

6.6 Mutual Authentication (Entanglement)

While the properties above suffice for one-sided PoK, ENI6MA extends them
into mutual authentication:

1. Two entangled circuits Prov, Ver share private morphism M.

2. Each side alternates roles: issuing fresh challenges (7_r,¢_r) and verify-
ing responses.

3. Both sides must sustain synchronization over entropy-driven foliations.

Formalization.
Let M be a sealed morphism compiled into both circuits.
At round r:

Wr41 = pr(M(wT7 ST))

Both circuits compute w_r + 1 deterministically.

A man-in-the-middle lacking M cannot sustain the oscillation; one side will
reject.

Theorem 2 (Mutual Entanglement).
If two parties share M and &, then each round authenticates both sides; adver-
saries cannot maintain the oscillation beyond negligible probability.

6.7 Proof-of-Knowledge Envelope
We now consolidate properties:

e Completeness: honest proofs always succeed.

e Soundness: forgery bound < C~L 4272,

33



e Zero-knowledge: transcripts simulatable; no secret leakage.
e Anti-replay: stale transcripts rejected deterministically.

e Mutual entanglement: both parties authenticated via oscillation.

Together, these define the ENI6MA PoK envelope.

6.8 Complexity Analysis

Per-round cost:
e One entropy slice selection (k_r, j).
e One rotation p_©.
e One foliation II _n.
e One membership check.

All steps are constant-time.
Total complexity:

O(L) + O(Ix);

where |x| is number of entropy slices.
Comparison:

e AES-class throughput (ENIGMA).
e > O(n?) complexity for ZK-SNARK verification.
e Heavy exponentiation for PKI.

ENI6MA is orders of magnitude lighter while retaining soundness.

6.9 Example Security Budget

Consider a deployment:
e (' = 6 zones.
o [ = 8 length.
e \ =512

Error bound:

e=6"%42"12~1.7x107°.
Security level is thus “million-to-one” against guessing per attempt, before
rate-limits.
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6.10 Implications

1. Databases of transcripts are inert.
They cannot be replayed, reversed, or recombined.

2. Server breach # credential breach.
Servers store only attestations, not keys.

3. Human ergonomics.
Gestalt recognition allows fast use without cognitive strain.

4. AI-AT attestation.
Oscillating entanglement generalizes naturally to autonomous systems.

6.11 Transition

We now have a complete formal proof envelope. The next part will develop
Part VII: Implementation Considerations and System Engineering,
showing how these theoretical properties survive in compiled code and practical
deployment.

Part VII. Implementation and System Engineering

7.1 Introduction

A cryptographic system is only as strong as its implementation discipline.
While ENI6MA provides rigorous proofs of completeness, soundness, and zero-
knowledge, these guarantees rely on practical assumptions: entropy must be
strong, time must be trustworthy, and compiled binaries must not leak private
morphisms.

This section examines how to engineer the system so that theoretical guar-
antees “bite in practice”. We address entropy sourcing, time synchronization,
binary hardening, side-channel defense, deployment models, and performance
optimization.

7.2 Entropy Sources

Requirement

Entropy £ underpins session uniqueness. If weak or predictable, the adversary
can reduce the complexity of guessing.
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Best Practices

1. CSPRNGs. Use cryptographically secure pseudorandom generators seeded
from hardware RNGs.

2. Diversity. Combine multiple entropy sources: hardware timers, jitter,
environmental noise.

3. Auditability. Periodic statistical tests (e.g., NIST SP800-22) to ensure
quality.

4. Seeding. In embedded devices, seed from PUFs (physically unclonable
functions) or fused secrets.

Lemma

If entropy has min-entropy A, the adversary’s advantage shrinks to < 27> (as
per Lemma L2).

7.3 Trusted Time

Requirement

The temporal nonce 7 enforces anti-replay. If time is spoofed or unreliable,
transcripts could be reused.

Best Practices

1. Trusted clocks. Use attested system clocks (e.g., TPM-backed time).

2. Network binding. In distributed systems, bind acceptance to verifiable
delay functions (VDFs) or consensus time.

3. Granularity. Microsecond-level resolution ensures diversity of 7 across
sessions.

4. Drift handling. Periodic resynchronization to NTP/PTP sources.

Implication

Replay resistance becomes structural: stale 7 yields different foliations, hence
transcript invalidation.
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7.4 Compiled Binary Security

Requirement

The private morphism M must remain sealed inside entangled circuits. If ex-
tracted, adversaries could forge witnesses.

Hardening Techniques

1. Diversified builds. Each user/device gets a unique binary with individ-
ualized M.

2. Instruction stream embedding. Secrets distributed across code, not
stored as constants.

3. Obfuscation. Control-flow flattening, opaque predicates, and encrypted
tables.

4. TEEs. Run Prov/Ver inside Trusted Execution Environments (SGX,
SEV, Keystone).

5. SBOMSs. Maintain software bills of materials to trace provenance.

Lemma

Under A5 (white-box hardness), binaries leak at most black-box I/O behavior.
Implementation must enforce this assumption.

7.5 Side-Channel Defense
Risk

Even if M is sealed, adversaries may infer it through side-channels: timing,
power, cache, EM radiation.
Mitigations

1. Constant-time operations. Ensure p, I, and M (s, W) execute in fixed
cycles.

2. Jitter padding. Add randomness to timing of responses.
3. Noise injection. Mask power/EM emissions with synthetic noise.

4. Uniform errors. Return indistinguishable errors to prevent oracle at-
tacks.
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Equation.
For any operation op, execution time:

t(Op) = TO + 57 de [765 +€]7

with € bounded and independent of inputs.

7.6 Deployment Models

7.6.1 Human-Centric Authentication

e Interface. UI displays foliated leaves (colors, glyphs).
e Synonyms. Inputs mapped to zones via ¢.

e Duress codes. Special synonyms trigger alternate policies without chang-
ing transcript distribution.

7.6.2 Machine-to-Machine Channels

e Oscillating twins. Entangled binaries exchange challenges and responses.
e Session keys. Derived via KDF from (&, 7).

e Replay resilience. Each round bound to fresh entropy.

7.6.3 Hybrid Human—AI Scenarios
e Journalists authenticating to Al verifiers.
e [oT devices authenticating to cloud services.

e Privacy-preserving attribute attestations.

7.7 Performance Optimization

Complexity

Per-round cost is constant:

OM)=1p+1T+1M.

Over L rounds:

O(L) total.
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Implementation Targets

e AES-class speed. Achieved with SIMD instructions for rotations and
concatenations.

e Memory footprint. Only current entropy slice and offsets need storage

(O(1) space).

e Latency. Sub-10ms per proof for human interaction.

Empirical Benchmarks

e O =6, L =06, A =512 throughput matches typical symmetric cipher
operations.

e Scaling L increases latency linearly, not exponentially.

7.8 Auditability and Logging

Requirement

Proofs must be externally auditable without revealing secrets.

Mechanism

Verifier logs indices I _r and offsets © _a_ ;.
Acceptance rule:

L
ACCEPT «= T >L A J\ 1{s; € X;}.

i=1

Auditors can replay manifold construction from (&€, 7) and verify s i € X 1
without learning ¢ or C.

7.9 Error Handling and Recovery
Challenge

Without static keys, recovery must not reintroduce persistence.
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Solution
1. Escrow morphism. Maintain a separate M’ for account recovery.

2. External attestation. Recovery requires approval from third-party ver-
ifier.

3. One-time recovery tokens. Issued as temporary morphisms, destroyed
after use.

7.10 Example Deployment Architecture

graph TD
U[User / Agent] -->|Input Synonyms| P[Prover Circuit]
P -->|Witness W| V[Verifier Circuit]
V -->|Log Indices| L[Audit Log]
P -->|0Oscillation| V
E[Entropy Source] --> P
E-->V
T[Trusted Time] --> P
T -->V
subgraph Security
P --- TEEs
V --- TEEs
end

7.11 Integration with Existing Systems

e SSO. Replace passwords with ENIGMA attestations in OAuth/OIDC
flows.

e CI/CD. Use entangled twins for artifact signing.
e JToT. Lightweight witnesses replace pre-shared keys.

e Finance. Attribute attestations replace KYC documents with PII-free
proofs.
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7.12 Discussion
Engineering discipline translates theory into security:
e Entropy ensures unpredictability.
e Time ensures non-replay.
e Binary sealing ensures morphism confidentiality.

e Side-channel defenses ensure black-box leakage only.

Audit logs provide accountability without key exposure.

This contrasts sharply with PKI, where key compromise compromises the
entire system.

7.13 Transition

With implementation issues addressed, we now turn to Part VIII: Compar-
ative Analysis with Classical Cryptography, showing how ENI6GMA out-
performs PKI, ZK-SNARKSs, and Proof-of-Work /Stake.

8. Our Contribution

8.1 Summary of Novelty

This work advances a stateless, keyless proof-of-knowledge (PoK) frame-
work in which the cryptographic witness is neither a stored secret nor a reusable
token, but a session-unique, spatio-temporal trajectory of memberships
across foliated manifold leaves. The construction couples four previously disjoint
ideas—(i) disjoint enumerated alphabets; (ii) eigenvalue embeddings;
(iii) holographic manifold foliation; and (iv) entropy—time indexing via
the Rosario Modulo rule—to realize a protocol that is (a) human-fast by
design, (b) machine-hard without a priori knowledge, and (c) provably secure
under conservative, transparent bounds.

The fundamental mathematical contributions are the formal axioms
and theorems establishing:

1. Completeness of the witness-membership trajectory for honest agents.

2. Soundness with forgery probability at most C~% + 27* where C is
zone cardinality, L is commitment length, and A is the entropy size.

3. Structural anti-replay as a theorem of the construction: mixing time 7
into offset selection changes the manifold, rendering old transcripts inert.
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4. Passive zero-knowledge: transcripts are simulatable; no reusable infor-
mation about the secret or morphism leaks.

5. Cognitive foliation: a theorem showing constant-time perceptual mem-
bership for humans due to disjoint alphabets and clustered slices.

6. Mutual entanglement for bilateral authentication via sealed morphisms
compiled into “twin” circuits.

Collectively, these results constitute a new PoK primitive: a geometry-
driven, cognitively compatible method that avoids persistent private keys while
preserving formal assurance.

8.2 Mathematical Foundations and Main Theo-
rems

8.2.1 Structural Axioms

We begin with a language £ partitioned into disjoint, enumerated alphabets

M
A={A,.. Ay},  AinAj=2 (i#)), U4, =c
j=1
Each «;; € Aj is assigned a distinct eigenvalue \;; € Z with injectivity

(j,3) # (k) = Nji # Ao

A secret commitment is an ordered array

C:(Sl,...,SL), STEA]'(T).

This array is not stored server-side; it is recognized by the agent at proof
time.

A high-entropy integer £ (256-512 bits) and a trusted, high-resolution time
T jointly drive rotations via the Rosario Modulo Index:

kr; = ((r mod U)+rM+j) mod U, block, ; = €144, ;, é; = (7-¢;) mod 1000,
which yields offsets

@g]? = block, ; mod |4;], Al = pg (Aj).
@5

Each rotated ring A;- is foliated into n contiguous slices; concatenating the
z-th slices across alphabets forms the witness zone

ro__ M r
Wz - a:laa,z7

z€{0,...,n—1}.
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The agent holds a private bijection (morphism) ¢ : Z — Z mapping
interface inputs to zone indices. For the r-th symbol s,, the agent declares
zr = ¢(i,) and the verifier checks

L
M(sp,WZ)=1{s, e W}, A= J\ M(s,,W]), ACCEPT «= A=1.

r=1

8.2.2 Proof-of-Knowledge Theorem (Fundamental Contri-
bution)

Theorem (ENI6MA PoK). Under Axioms of disjointness, injective eigenval-
ues, deterministic entropy-time mapping, temporal freshness, private morphism
secrecy, and verifier independence, the protocol is:

e Complete: an honest agent with C' and ¢ succeeds with probability 1.

e Sound: any adversary lacking C' and ¢ has success probability at most

Prlforge] < C~F 4272,

e Passive Zero-Knowledge: transcripts are simulatable without C or ¢,
hence leak no reusable information.

Sketch. Completeness follows from construction: for each r, s, lies in the
declared W . Soundness is bounded by the product of per-round zone guesses
C~L plus entropy guessing 27*. Zero-knowledge follows from a simulator that
samples zones and pseudorandom foliations consistent with the Rosario rule; as
(€, 1) are session-unique, transcripts are one-time fossils.

8.2.3 Anti-Replay Theorem (Structural Freshness)

Theorem (Anti-Replay by Construction). If 7/ # 7, then for some round/alphabet
pair (r,j) we have @(arj) (") # @,(fj)(r), producing new witnesses W (7') that in-
validate any transcript 7 (7).

Consequence. Replay is provably broken by the time-indexed geometry; no
auxiliary server heuristic is needed.

8.2.4 Cognitive Foliation Theorem (Human-Fast Member-
ship)

Theorem (Cognitive Foliation). In every round, the foliated witnesses
{w? 2;5 partition the rotated alphabets; for each s,. € C, there exists a unique
2z, such that s, € W] , and a human agent can locate 2, in O(1) perceptual
time via Gestalt grouping (proximity/similarity).

This formalizes the ergonomic claim: disjoint alphabets + clustered
slices induce perceptual constant-time search, substituting recognition for
enumeration.
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8.2.5 Mutual Entanglement Theorem (Bilateral Authenti-
cation)

Theorem (Mutual Entanglement). Two compiled twins sharing a sealed
morphism M and entropy seed £ can alternate challenge-response with syn-
chronized foliations; a man-in-the-middle lacking M cannot sustain bidirectional
consistency across rounds and is rejected with overwhelming probability.

This elevates the primitive from unilateral PoK to mutual authentication
with the same geometry.

8.3 Protocol Mechanics and Efficiency

8.3.1 Statelessness and Keylessness

No persistent private key is stored or transmitted. The verifier reconstructs the
round geometry from public context (£,7, M,n,U) and deterministic rules, while
the agent proves knowledge by locating the right leaf now. This collapses
custodial risk: servers keep only indices and offsets (receipts), not secrets.

8.3.2 Constant-Time Per-Round Cost

Each round performs: one entropy-slice selection k, j, one modular rotation
po, one foliation II,,, and one membership check M. These are O(1). Over
L rounds, the verifier’s cost is O(L) with O(1) working memory. This makes
the primitive suitable for constrained devices, latency-sensitive UX, and high-
frequency bilateral handshakes.

8.3.3 Parameter Transparency

Security and usability are jointly tunable via three integers:

C = zone count, L = commitment length, A = entropy size.
The per-attempt error budget

e=C"L4272

is explicit and auditable. For example, (C = 6,L = 6,\ = 512) = € ~
1.6 x 10~2, with sub-second interaction.
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8.4 Security Envelope and Adversarial Resistance

8.4.1 Forgery, Guessing, and Entropy

A blind adversary must simultaneously (i) guess the zone sequence (z1, ..., 2r)
with probability C~%, and (ii) guess the entropy state with probability 2.
The union-bound yields the soundness figure of merit

Prforge] < C~F 4272

8.4.2 Structural Anti-Replay

Because 7 participates in €; and &, j, the same agent behavior at a different
time yields a different manifold; witnesses cannot be replayed. This is not a
policy overlay but a cryptographic invariant of the geometry.

8.4.3 Passive Zero-Knowledge

A polynomial-time simulator produces indistinguishable transcripts by sampling
zones and reconstructing witnesses from pseudorandom entropy consistent with
the Rosario rule. As neither C' nor ¢ is exposed, transcripts carry no reusable
credential value.

8.4.4 White-Box and Side-Channel Considerations

The morphism ¢ (or its compiled extension M) remains sealed within the
prover/verifier twins. Practical defenses—diversified builds, TEEs, constant-
time code paths, noise-padded timing—support the assumption that only black-
box I/O behavior leaks. The protocol’s acceptance rule A should be returned
in timing-indistinguishable fashion to avoid adaptive oracles.

8.5 Cognitive Geometry and Human-in-the-Loop
Cryptography

The protocol formalizes a rare property in cryptography: humans can do some-
thing faster than machines when given the right structure. Disjoint alphabets
and contiguous slicing produce compact visual (or auditory/tactile) clusters;
the agent invokes Gestalt proximity/similarity to locate membership in
O(1) perceptual steps. This trades long-term memory of a static secret for
short-term recognition in a session-fresh geometry. In security terms, the
perceptual one-wayness is asymmetric:

e Forward direction (easy): With C and ¢, the agent maps s, — 2, by
inspection.
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e Inverse direction (hard): Without C or ¢, transcripts provide no stable
map back to C because foliations change with (€, 7).

This contribution reframes “password knowledge” as a recognition capa-
bility synchronized with a verifier, rather than a string that can be copied,
phished, or warehoused.

8.6 Engineering Contributions and Auditability
8.6.1 Audit Without Custody

The verifier logs indices and offsets sufficient to replay the manifold geometry
for a given session—uwithout learning C' or ¢. Auditors confirm acceptance
ex post by recomputing W and checking membership predicates. Thus, the
system supports post-facto assurance without private key escrow.

8.6.2 Protocol-Level Recovery Without Static Secrets

Because secrets are not stored, recovery is tackled via secondary morphisms
and external attestations (e.g., threshold approval). Temporary recovery mor-
phisms act as one-time credentials, destroyed after use, preserving the stateless
posture.

8.6.3 Interoperability and Transport Agnosticism

The primitive composes naturally with standard protocols: the per-session state
can key a KDF to derive ephemeral symmetric keys; attestations can be em-
bedded in OIDC/SAML flows; machine twins can protect CI/CD chains. No
specialized curves, trusted setups, or heavy arithmetic are required.

8.7 Comparative Strengths and Limitations

8.7.1 Strengths

1. Keyless by Design. Eliminates persistent private keys and associated
breach externalities.

2. Human-Fast. Constant-time perceptual membership yields usability
parity or better than passwords/OTP while raising assurance.

3. Transparent Security Budget. ¢ = C~% + 27 enables clear risk tun-
ing.

4. Anti-Replay Built-In. Time-mixing makes transcripts inert by theo-
rem, not policy.
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5. Stateless Verifier. Stores receipts, not secrets; dramatically shrinks
custodian liability.

6. Bilateral Auth. Mutual entanglement generalizes PoK to two-sided as-
surance with the same machinery.

7. Efficiency. O(L) verification, constant memory, SIMD-friendly opera-
tions.

8.7.2 Limitations and Assumptions

1. Trusted Time. 7 must be protected; gross manipulation could desyn-
chronize parties.

2. Entropy Quality. Low min-entropy weakens the 2= term.

3. Sealed Morphism. Practical white-box hardness requires TEEs/diversified
builds and side-channel hygiene.

4. Accessibility & UI. Effective Gestalt grouping depends on thoughtful
modalities (visual, auditory, tactile) and inclusive design.

5. Passive ZK Claim. The zero-knowledge argument is framed against
passive observers; active settings require MACs or AEAD over context
and indices.

8.8 Why This Is a Fundamental Cryptographic
Contribution

At its core, we contribute a new class of proofs of knowledge in which the
witness is geometric and ephemeral:

e The math—disjoint rings, injective eigenvalue indexing, Rosario modulo
offsets, foliation, and Boolean accumulation—culminates in a PoK theo-
rem with explicit completeness and quantified soundness.

e The freshness—time’s participation in the offsets—turns replay resis-
tance into a proof property rather than a post-hoc defense.

e The human factor—Gestalt recognition formalized via the Cognitive Fo-
liation Theorem—turns ergonomics into a first-class design constraint
anchored in mathematics, not an afterthought.

e The systems corollary—stateless verifiers with auditable receipts—rebalances
trust: secrets are no longer hoarded by servers but reconstructed on de-
mand through synchronized work.
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Together, these elements elevate the protocol from an interface novelty to a
cryptographic primitive with durable mathematical content, implementable
at scale, and adaptable to both human-centric and machine-to-machine settings.

8.9 Formal Statements (for Reference)
For emphasis, we restate the central equations that encode the contribution:

1. Disjointness and Injectivity

Ai N Aj =g (Z 7é ])7 )\j,i 7é )\k:,f'

2. Entropy—Time—Offset Pipeline

é; = (Te;) mod 1000, K, ; = ((r mod U)+rM+j) mod U, @(arj) = block, ; mod |4;].

3. Witness Construction

WI=Opliag.,  M(s, W2)=1s, e W2}, A= N\ M(s,, W2).
4. Soundness Bound
Pr[forge] < C~F 4272,

5. Zero-Knowledge Simulator (Passive)

J polytime S : S samples 2, and reconstructs W] via PR entropy s.t. S~ T.

6. Mutual Entanglement Recurrence (Illustrative)

wrt1 = pr(M(wy, sp)), synchronized across twins under (€, 7).

These relations are the mathematical backbone of the claimed novelty.
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8.10 Concluding Perspective

The contributions cohere around a single philosophical pivot: identity as syn-
chronized action rather than static possession. By recasting secrets as a
priori knowledge made manifest through session-unique geometric work,
the protocol sidesteps the brittle economics of key warehousing and the so-
ciotechnical hazards of phishable approvals. It offers a cryptography that is
simultaneously rigorous and humane—measurably secure, auditably de-
terministic, and operable at the speed of perception.
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