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1. Introduction

This article formalizes an asymptotic theoretical system that aims to be an ideal
model for attesting and verifying empirical evidence for the existence of an
object external to the system itself, starting from initial statements and
definitions introduced within it.

In this paper, the object is understood in its extended form as any reality that
can be supported by specific, unambiguous, and objectively identifiable
empirical evidence.

In short, this theoretical model attempts to reconcile a specific truth statement
with the objective verification of its consistency in empirical reality, regardless
of the nature of the object, whether material or abstract.

In this sense, the CNVS framework addresses one of the oldest and most
fundamental problems of human society: how to determine whether an
object, event, or statement actually exists without relying on a specific
authority. In modern distributed Systems, this challenge is known as the oracle
problem.

CNVS is proposed as a formal Systems theory framework that offers a new
general mathematical perspective to address this problem through recursive
information decomposition, randomly distributed empirical verification, and
Global validity emerging from the convergence of verification results with
respect to input information.
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2. Abstract

This document defines a new class of Systems called Closed Native Verification
Systems (CNVS).

In these Systems, the existence, validity, and evolution of the state are
determined exclusively by internal verification processes supported by
randomly distributed external verification evidence and ultimately governed by
deterministic invariants.

Although the objective verification processes remain external, their
distribution—that is, the specific structure imposed by the System—reduces
confidence in the execution of a rigid application scheme that limits the
executor's discretion through the progressive reduction of Local and Global
operational knowledge.

Specifically, the System seeks to converge declarations made in the form of
user input requests and subsequent verification by external verification agents
randomly selected by the System itself and operating according to the imposed
constraints.

The External Verification Agents are tasked with verifying individual details of
the information content of the User's input request, without knowing the
result, and subsequently reporting them so that the System can cross-check
the collected data to ensure complete consistency.

In this sense, the System aims to reveal the Truth of Existence within itself as a
cross-verification process between independent and randomly distributed
operational flows: the User input request and the Verification of the External
Agents managed by the System itself.

The framework models the transformation of user-declared information into
recursively decomposed structured elements, which are randomly assigned to
External Verification Agents, each operating under strict protocol constraints.
Local verification evaluates attribute-specific convergence between internally
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declared data and observed proofs, while Global external validity emerges
from the consistency of the reconstructed state and cannot be reduced to the
conjunction of Local verifications. By integrating recursive decomposition,
information-theoretic knowledge restriction, and emergent state validation,
CNVS is proposed as a general mathematical framework that addresses the
oracle problem, one of the key unsolved challenges in distributed Systems.

The Theory presupposes Three Fundamental Axioms, which are imposed as a
Necessary Condition for classifying a System as a Native Verification System.
The Axioms define:

- the Structural Properties of the entire System;

- the Emergent Behavior related to the Security and Verification Dynamics;

- the Principles that guide the Dynamics of External Processes and govern
those of Internal Processes.

3. Problem Statement

One of the key unsolved problems in distributed Systems is the oracle problem:
the difficulty of determining whether information from the physical world can
be introduced into a digital System without relying on a single trusted source.
Existing approaches, including multisource aggregation, cryptographic
attestations, reputation mechanisms, consensus protocols, and secret sharing
techniques, mitigate specific aspects of this challenge but do not eliminate the
fundamental dependence on external trust.

In particular, existing Systems typically validate externally provided statements
but do not model verification as an intrinsic condition for the existence of the
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State. They generally do not impose a recursive structural decomposition of
information, do not Systematically constrain the Local knowledge of individual
Verification Agents, and do not formalize Global validity as an emergent
property irreducible to the convergence of Local verification results.

Closed Native Verification Systems (CNVS) are proposed as a distinct
theoretical framework in which user-declared information is recursively
fragmented, randomly distributed to external verification agents under specific
constraints, and reconstructed exclusively at the System level. Each Local
verification evaluates the convergence between the internally declared value
and independently observed evidence for a specific attribute. The System
ultimately returns only a binary decision: the Object (also understood as the
assertion) exists within the System or not.

By replacing unilateral trust with distributed empirical convergence under
structural information constraints, CNVS are proposed as a general
mathematical framework that addresses the oracle problem in a
fundamentally different way from existing architectures.

In Traditional Systems that address the same problem, we find that:

- the truth about the existence of a state is a unilateral decision by a governing
authority (total trust);

- verification of the object is entrusted to external auditors, who are at most
governed by Global constraints or laws, with few Local references;

- External Verification Agents are entrusted with the discretionary task of
issuing authoritative statements about the object that are difficult to contest;
- External Verification Agents are chosen by the governing authority, which also
imposes the control rules;

- each external verification agent is always responsible for verifying the same
specificity;

- each external verification agent has multiple pieces of information relating to
the data of the Object of Verification;

- the existence of the state is admitted in the Traditional System as natively
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imposed by the issuing authority;

- verification of the state follows the imposition of existence;

- the state is almost always unitary;

- the overall security of the System's interior decreases with the adoption and
increase in the number of states, because the surface area for external attacks
increases.

In a CNVS, the System inverts this logic:

- the truth about the existence of a state is not a decision unilaterally imposed
by a governing authority, but the result of a mathematical process internal to
the System;

- verification is entrusted to Verification Agents external to the System, but
strictly guided and governed according to the application scheme of a
Distribution Model that uses information access restriction as a method of
collusion control;

- the attestation of evidence issued by the external verifier must first pass strict
internal verification checks to ensure the logical and structural consistency of
its content with respect to the entire System;

- the state is not unitary;

- the External Verification Agent not only verifies the existence of evidence of
an Object's specificity, but is also required by the System to provide data
related to the assigned specificity. However, it does not know the data declared
during the input phase when the User creates the Object Existence Verification
request, thus allowing the System to compare these two entities through
information convergence;

- the External Verification Agent is chosen randomly;

- the Object's specificity that the External Verification Agent is required to
measure and control is chosen randomly by the System;

- the measurement grids assigned to the external verifier are non-uniform
among themselves and with respect to the global information;

- security emerges as a Property of the System and grows with its increase
Adoption due to the System's very Structure.
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4. General Definitions

In this document, a System is defined as a Structured Set of Objects and
Elements, regardless of Type, that have specific interrelationships and are
governed by preliminary Assumptions that define its Functions.

A System is considered Closed when no External Intervention can alter its
Structure, nor can it produce a result that conflicts with the preliminary
Assumptions imposed through its Execution.

In this document, a System is defined as "Natively Verified" because the very
Existence of all the Elements and Objects that comprise it is admitted only
after an Objective Verification, followed by the Application of a Consistency
Check of the issued Certifications.

In other words, no Element can "become" if it has not first been Verified.

In this document, a Natively Verified System is defined as Closed because no
unauthorized External Intervention can alter its Structure, nor can it produce
results that conflict with the preliminary Assumptions imposed through its
Execution.

For the purposes of the CNVS model, Information (Ix) is defined as any ordered
and finite binary representation admitted by the System. Physical objects,
measurements, attestations, certificates, signatures and attributes,
declarations, statements, postulates, sentences, and historical data are all
processed only through their Encoded Representation as elements of {0, 1}*.
Thus, the System does not directly process physical or immaterial Objects, but
operates exclusively on their verifiable digital representation.
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5. Special Definitions

5.1 Object

Let
Ox
be the Object to be Verified,

let
1(0y)
the complete intrinsic informational structure associated with the Object,

let
1(0,) = Encode (1(0,)) (1)
the encoded binary representation used by the System,

let

E(t) = Struct (1(0y), t), (2)
with Struct (1(O)) constituting the Set of all Structured Elements derived from
the Object's binary representation at time t,

let
The Chain of Events Generated by the User Request:
0> 1(0,)>1(0,) >F (3)

The System allows the User to initiate a Verification Instance on an Object for
which Evidence of Existence is to be established.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



The System responds by building a structured information representation and
encoding it in binary format. It then recursively decomposes the information
into operationally separate, epistemically incomplete, and structurally related
fragments, according to a recursive scheme explained in the following
chapters.

A valid State emerges if and only if the provided information satisfies both
Local and Global invariant verification through the distributed evaluation
process performed by the System.

5.2.1 Structural Universe

The Structural Universe of the System is defined as the set of all possible
structural configurations that the System may assume according to the types,
domains, and admissibility rules established by the model.

Since all information entering the System is processed through a finite digital
representation, we assume the binary alphabet as the basic alphabet:

B={0, 1}
and we denote by: B’
the set of all finite binary strings.

Therefore, objects, declarations, data, attributes, observations, certificates,
signatures, identifiers, and records are not processed by the System as
immediate physical or semantic entities, but as encoded representations
belonging to suitable structured domains constructed over B'.

The System does not operate directly on external reality, but on its formally
admitted representation within the model.
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On this basis, we define the spaces, domains, and structural types that
compose the Structural Universe of the CNVS.

We define T as the finite set of all structural types admitted by the System.

Since semantic coherence and type compatibility must be guaranteed at every
level of decomposition, independently of the nature of the considered Object,
the primitive domains are not defined as flat sets, but as families of sets
indexed by their structural typeoc € 7.

Recursive decomposition does not necessarily require the type of a child
fragment to be identical to the type of its parent fragment. Instead, it requires
the child fragment to remain structurally compatible with the original type, or
to represent a System-admitted specification of it.

Formally, this can be expressed by introducing a compatibility or refinement
relation between types:

o' <r0

where o is the type of the parent fragment and o' is the type of the fragment
generated by decomposition.

Therefore, for every child fragment s' € Dy(s), the System requires:
type(s') <7 type(s).

In the special case where decomposition exactly preserves the type, this
condition reduces to the stronger form:

type(s') = type(s).

The definition of the Structural Universe is therefore:

Yse7 (Idg x Dg X At X Obsg* x P(P)) (4)
Consequently, each structural element s € B assumes the dependent form:
s=(o, (id, d, a, obs, p))

where:
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e Id, S B’: the space of identifiers for type o.

e D, € B': the space of declared data payloads structured according to type o.
An element d € D, represents a candidate assertion, digital archive, structured
datum, object specification, or cryptographic record submitted by one or more
users, entities, or system agents to the CNVS layer for verification.

e At, € B': the space of attribute classes for type o.
e Obs, € B": the space of externally reported values for type o.

Let P be a finite set of logical properties, and let P(P) denote the set of its
finite subsets.

To model the absence of data without introducing domain collisions or
ambiguity with the empty string € € B”, we introduce a distinguished element
1 & B". We define the observational domain as a disjoint union:

Obs,'B Obs, W {1}

where the L element rigorously denotes the absence of an external
observation at non-terminal structural levels.

This construction guarantees that identifiers, payloads, attributes,
observations, and generated properties are intrinsically bound to their specific
structural type o at instantiation, preventing type-domain mismatches prior to
any verification phase.

5.2.2 State

We formally define the state of the System at time t as a well-formed
topological and logical tuple:

S(t) := (E(t), R(t), ©), (5)

where:
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* E(t) S Bis the finite set of structural elements admitted and active within
the System at time t. Each element s € E(t) assumes the dependent and
rigidly typed form defined in the previous chapter: s = (o, (id, d, a, obs,
p))-

* R(t) € E(t) x E(t) is the relational graph that uniquely defines the
structural dependencies and direct connections among the active
elements.

* C={cy, ..., Cm}is the finite set of deterministic global invariants
(consistency constraints) imposed by the System to preserve the integrity
of the overall state.

In accordance with the principle of existential independence (Axiom I), the
CNVS framework strictly distinguishes between the space of candidate
configurations and the space of valid accepted states. During an operational
cycle or a transition attempt, the System generates and manipulates a
temporary set of candidate elements, denoted as E...4(t), thereby structuring a
provisional candidate state:

Scand(t) = <Ecand(t); Rcand(t)l C> (6)

The relation s € E.n4(t) expresses a pure, primitive structural membership,
which logically precedes any validation operation and remains unaltered by it.
If and only if the entire candidate state satisfies both local and global
constraints, the elements of E..n4(t) are formally admitted and evolve into the
definitive valid set of the subsequent transition:

E(t) = Evalid(t)-

If the Global Verification fails, the candidate state is entirely rejected,
precluding the admissibility of elements into E..iq and triggering the immediate
dissolution of the provisional topology (Topological Refresh).

To govern admissibility and state evolution without introducing syntactic
redundancies or misaligned intermediate domains, we define two fundamental
verification functions operating in a coordinated yet rigidly separated manner
across distinct structural levels:
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Local Verification Function (V,):

It operates within the Structural Universe [ to evaluate the formal integrity and
attribute convergence of a single, isolated element. It maps the element
directly into an ordered pair comprising a Boolean validity flag and the set of
its logical properties:

Vi: B = {0, 1} x P(P).

Given an element s = (g, (id, d, a, obs, p)), the operational expression of V_ is
executed through the strict logical conjunction of the formal type admissibility
predicate (Form,) and the attribute convergence predicate relative to the
external observation (Conv,):

Vi(s)B (Form,(id, d, a, obs) A Conv,(a, d, obs), p) (7)

The canonical projection onto the first component, m(V.(s)), extracts the local
validity bit required to determine the admissibility of the terminal element.

Global Verification Function (V¢):

It represents the absolute structural veto of the framework. Unlike the local
function, it neither operates on individual elements nor generates sets of
properties; rather, it evaluates the entire state space (&), returning a purely
binary outcome:

Ve : S > {O, 1}

Leveraging the hierarchical stratification of the System, the global verification
recursively examines the configuration starting from the leaf terminal
fragments (Ter(t)) upward to the root nodes, simultaneously enforcing
relational graph consistency (Consg) and the verification of all system invariants
¢ EC:

Ve(S(t)) = 1 < (Vs € Ter(t), m(Vi(s)) = 1) A Consg(R(t), E(t)) A (Vi € C, cilE(t),
R(t)) = 1) (8)
This architecture ensures that while the admissibility of elementary fragments

is delegated to local and isolated evaluations, the transition and acceptance of
the system state remain holistic properties that cannot be reduced to the mere
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sum of their parts, thereby guaranteeing decidability and protection against
topological inference attacks.

5.2.3 Admissibility

The CNVS framework resolves the ambiguity between data existence and data
validity by rigorously separating primitive structural membership from logical
admissibility.

We define the Local Admissibility condition (Adm,) as a strictly terminal
evaluative function:

Adm,: B - {0, 1}

For every terminal structural element s € Ter(t), admissibility evaluates to true
(equal to 1) if and only if the Boolean component of the Local Verification
Function yields a positive outcome. Formally:

Adm(s) = 1 & m((V.(s)) = 1, (9)

where m; denotes the canonical projection onto the first component of the
tuple returned by V..

Unlike traditional hierarchical formulations, the CNVS does not evaluate
independent admissibility for intermediate nodes. Strict admissibility is an
exclusively local property of leaf fragments. The acceptance of intermediate
and higher-level configurations is entirely delegated to the absolute veto of the
Global Verification (Vs), emerging as a state property rather than an attribute
of an individual node. This ensures that no superstructure can be deemed
"admitted" in the presence of silent topological violations.

Operationally, once a terminal fragment successfully passes the local
admissibility verification (Adm,(s) = 1), the System promotes it as a candidate
component for the higher structural levels. During the subsequent hierarchical
ascent toward the root, the Global Verification (V) assumes the intrinsic
validity of the fragment and proceeds to verify its topological coherence within
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the relational graph (R) and its strict compliance with the system invariants (C)
across the intermediate ranks (S*), ultimately consolidating the absolute global
state (S°).

5.2.4 Decomposition as a Typed Function

Let D be the primary decomposition operator, defined as a function mapping a
well-formed structural element into a strictly finite set of its constituent sub-
elements:

DB > Bnl(B)

To ensure logical consistency, prevent trivial fragmentations (single-child
nodes), and avoid infinite loops, we impose a strict disjunctive cardinality
constraint on the output of D(s) for any elements € § :

|D(s)| =0 Vv [D(s)] 22 (10)

o If |D(s)]| =0 (i.e., D(s) =), the element cannot be further decomposed.
It is formally classified as a terminal fragment (leaf node) and belongs to
the set Ter(t).

e If |D(s)| =2, the element is decomposed into a finite set of child
fragments {s:', s,', ...., Sk'}.

As established in Chapter 5.2.1, for every generated child fragment, the
structural type must respect the compatibility relation with its parent (type(s:')
<7 type(s)). This guarantees that the operator consistently functions as a typed
function, preserving the semantic coherence of the Structural Universe [2. In
this document, the term "Terminal Fragment" (or simply "Fragment") explicitly
refers to elements for which | D(s)| = 0, undergoing no further operational
decomposition within the System.

5.2.5 Type Compatibility and Conceptual Type Preservation

Let
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T

be the finite set of all admissible structural types recognized by the System.
Let

type: 8 > T

be the Type Function, assigning to each structured element its structural type.

Each structured element is associated with exactly one structural type through
the Type Function.

However, recursive decomposition does not require strict identity of type
between a parent element and each of its descendants. What must be
preserved is not necessarily the identical type label, but the structural
compatibility, semantic coherence, and admissible refinement relation
between the parent type and the descendant type.

Formally, let

=7

denote the compatibility or refinement relation over structural types.

For every structured element s € and every descendant s’ € D(s), the
System requires:

type(s’) < 7 type(s). (11)

This means that the type of the descendant must remain compatible with, or
represent a System-admitted specification of, the type of the parent element.

The stronger condition
type(s’) = type(s)

is therefore only a special case of exact type preservation.
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Thus, decomposition preserves the conceptual and structural coherence of the
type, but it does not necessarily require strict type identity at every depth
level.

5.2.6 Recursive levels
Let
E(t) be the root nodal level of the System at time t.

The recursive decomposition levels are inductively defined as the union of all
fragments generated by the decomposition of the elements from the
preceding level:

E™(t) = U,y DAs) (12)
and

For every admissible decomposition level n generated by the System at time t,
the following condition holds:

0 < n < Depth(t).

where Depth(t) represents the maximum depth of the decomposition tree at
that given time.

5.2.7 Parent map

Let par be the parent map linking the elements of a given level to those of the
immediately preceding upper level:

par : E™Y(t) = EM(t)
such that

par(s’)=s & s’ € D(s) (13)
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The parent map is well-defined under the assumption that each generated
descendant carries a unique parent reference, encoded through its internal
identifier and relational reconstruction markers.

5.2.8 Conservation of information-theoretic

Let
I:8->{0,1}
be the Information Encoding Function.

For every structured element s, I(s) denotes its canonical binary
representation and | I(s)| its total informational complexity measured in bits.

The Chain of Events, from the previous definitions, consolidates as:

O, > 1(0) > 1(0,) > E>s>I(s).

To guarantee the logical reversibility of the system, we introduce the
Reconstruction Function:

Rec : P:n(B) > (14)
be the Reconstruction Function.

The function Rec recomposes a structured element from the complete

admissible descendant set generated by the decomposition process, together
with the relational and structural markers required by the System.
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For every structured element s € B, informational integrity is ensured by the
identity:

I(Rec(D(s))) = I(s).
The backward Chain of Events thus becomes:

Rec(D(s)) = I(Rec(D(s))) = I(s)

5.2.9 Non-uniformity

As established by the formal theory of the framework, for every structured
element s € [, the total informational complexity is decomposed into two
strictly positive functions:

* loayioad : B = IN: denoting the number of bits corresponding to the effective
semantic content inherited from the original object or claim.

T metadata : B = IN: denoting the minimal operational information required
for identification, assignment, and graph coordination.

Therefore, we have the linear sum:
| I(S)l = Ipayload(s) + Imetadata(s)

The payload belongs to the semantic information plane, whereas the metadata
belongs to the systemic structural information plane.

To prevent symmetric data inference by an adversary, the System enforces a
strict constraint of Semantic Non-Uniformity (Axiom Il). For any decomposed
non-terminal element, there exist at least two child fragments carrying strictly
unequal payload volumes:

3Sla; S’b € @(S) : Ipayload(sla) # Ipayload(slb) (15)

Furthermore, decomposition adheres to the following laws of conservation and
structural overhead (Lemma 4 and Lemma 5):
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1. Payload Conservation: | . 0.q(S) = D senis) lpayioad(S)

2. Metadata Overhead: | etaatalS) < D senis) Imetadata(S )

This demonstrates that, since decomposition requires the generation of new
identifiers and markers for each fragment, the aggregate total information

volume increases (> |I(s)| > |I(s)|). Itis therefore clear that recursive
decomposition must necessarily admit a limit: fragmentation is permissible if
and only if the ratio between payload and metadata remains above a Critical
Threshold x > 0.

If the System required a metadata volume that overshadowed the semantic
payload itself, the framework would become operationally inefficient and
saturated. In the "Operational Flow" chapter, this practical limit was
established at 4 or 5 nodal levels, regulated by the System Control Parameters
(A, lo, pc), adapting it to the I, value while respecting topological constraints.

It should be noted, however, that the relative weight of metadata within a
single CNVS fragment is drastically reduced. Unlike conventional blockchain
architectures, much of the coordination information does not reside within the
terminal fragments themselves, but is securely delegated to the relational
graph topology R(t) governed by the Global Verification. CNVS is not a
metadata-heavy reconstructive system, but rather an invariant system driven
by relationships.
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5.2.10 State and Structure

The State of the System at time t is not a mere collection of elements, but a
typed relational structure whose elements are admitted only insofar as they
preserve the structural schema imposed by the System and satisfy their
respective verification conditions (Local Admissibility Adm, for terminal
fragments, and Global Verification Vg for the holistic acceptance of the
topological state).

Let
Yse7 (Idg x Dg x Aty x Obsgt x P(P)),

be the structural universe of admissible elements. Each structured element
therefore assumes the dependent form:

s(t) = (o, (id, d, a, obs, p)) € B.
The State at time t is defined as the tuple:
S(t) := (E(t), R(t), ©),

where E(t) € B, R(t) < E(t) x E(t), and C={cy, ...., Cn} is the finite set of
deterministic invariants imposed by the System.

The System is recursive because every structured element may generate a
finite set of structured descendants while preserving structural compatibility
with its parent type, or by producing a System-admitted refinement of it.

Formally, let
D: - :Rn()

be the decomposition function, subject to the disjunctive cardinality constraint
to prevent trivial fragmentations:

|D(s)| =0V |D(s)]| 22
and the type compatibility constraint:

Vs’ € D(s), type(s) <7 type(s)
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The stronger condition type(s') = type(s) is only the special case in which
decomposition exactly preserves the type.

Therefore, decomposition modifies the informational granularity of the
element, but not its structural nature. The fragment is not an arbitrarily
different entity: it remains a structurally compatible entity, or a System-
admitted refinement, at a lower informational scale.

The decomposition levels are defined recursively starting from the root level
EO(t):
E™V(t) = Uiy D(s) (16)

In the operative model, n < Depth(t).
In the ideal model, the recursive structure is defined for arbitrary finite n.

The conservation of information is expressed through a reconstruction
operator Rec, such that:

I(Rec(D(s))) = I(s)

However, non-uniform decomposition enforces a strict asymmetry in semantic
distribution. Different terminal fragments may carry unequal informational
weight:

3S’a; S'b € D(S) : Ipayload(s’a) # Ipayload(slb)

5.2.11 Intuitive Interpretation

To intuitively understand the operational behavior of the system, we
summarize the roles of the domains composing the State at time t.

The State is not a mere passive collection of data, but is constrained by the
relations R(t) and the Deterministic Invariants C = {c4, c,, ...., Cn}. Local
Admissibility (V.) and the Global Veto (V) determine logical consistency prior
to the formal declaration of an accepted state.
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Since Structured Elements are not atomic, but are fragmented to render
verifiers semantically blind, the framework assumes a recursive structure.

Within a given terminal element s = (o, (id, d, a, obs, p)):

» d (Data Payload): Represents the internally declared data (e.g., "2 mL,"

"4 Hz," "4.2 grams," "Saturday afternoon,
"90 cm," "40 km/h," etc.).

at 3a.m.," "objectively ugly,"

* a (Attributes): The attributes defining the class of the data d and its
tolerance rules (e.g., quantity, internal state, timestamp, turbidity,

volume, weight, "clothing worn," "recorded body temperature," speed,

distance, etc.).

* obs (Observations): The validation statements (audits, certificates,
signatures, attestations of truth, testimonies, physical measurements,
etc.) independently reported by the external Verifier, which must
converge upon the internal data d. At non-terminal levels, obs = 1,
because external observations occur exclusively at leaf nodes.

* p (Properties): The set of logical properties produced by the Local
Verification functionV, (e.g., {Valid, Invalid, Transferable, Blocked,
Suspended, Inconclusive, Doubtful, etc.}).

Since:
Vi(s) = (b;, P)

the set of properties generated for the terminal element is extracted from the
second component of the tuple:

Pi= 1,(Vi(s))

While Local Admissibility generates these semantic properties at the
foundation, the Global Verification Vg executes the most critical structural
computation of the system: it evaluates the strict relational coherence of the
entire graph and enforces compliance with the global invariants. Despite
performing this massive computation, Vs does not generate new textual
properties; rather, it synthesizes the validity of the entire state by returning an
absolute Veto (1 or 0)
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Hierarchy and Non-Uniformity:

During the decomposition process, child elements belong to structurally
compatible families with respect to their parent element. For every structured
element s € E(t) and within the maximum admissible depth Depth(t), there
exists a finite decomposition sequence mapping the root element through
intermediate nodes down to the terminal fragments.

As established by Axiom Il, uniformity is explicitly not maintained during this
fragmentation process. The obtained sub-elements do not preserve equal-
volume fractions of the original semantic payload (l,ayi0ad)-

Non-uniform decomposition does not compromise the Principle of Information
Conservation in any way (I(Rec(D(s))) = I(s)), but it renders adversarial
reconstruction mathematically harder, as terminal fragments carry unequal
informational weights under restricted relational accessibility.

5.3 Relations

Let

R(t) S E(t) x E(t) (17)
where,

E(t) x E(t) represents the Cartesian product of all possible pairs of Structured
Elements active in set E at the same time t. The set R(t) is exclusively given by
the structurally admissible directional relations.

For example, if the active state contained only two elements, E(t) = {s1, s,}, the
Cartesian product would define the theoretical connection space:

E(t) x E(t) = {(s1, 51), (51, S2), (S2, 51), (S2, S2)}

The System does not necessarily instantiate all possible relations; it only
permits topologically valid ones. If, for instance:

R(t) = {(s1, S2), (52, S2)}
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the Directional Relation would solely exist originating from s; directed to s,,
and as a logical self-reference for s,. The System does not fully recognize the
entire Cartesian product E x E, but strictly selects a subset.

While the specific domain implementation dictates the semantic rules of
decomposition, the CNVS framework imposes an absolute structural constraint
on the permitted relations through the Relational Consistency predicate
(Consg). A relation exists if and only if it faithfully maps the decomposition
operator:

(s,s') € R(t) & s’ € D(s)

Due to this hierarchical and causal nature, Relations within the System are
always directional and strictly asymmetric. Verification relies on a precise
topological ordering, such that the edge (s;, s;) is a distinct logical entity from

(Sj, Si).

Formally, the existence of a parent-to-child dependency inherently precludes
the inverse relation:

Y (s, s;) € R(t) # (s, s1) € R(t)

All Relations allowed in the System must be:
* Logical.
e Structural (bound to the D function).
* Necessarily Directional (asymmetric).

* Devoid of quantitative weights. The connections delineate the
dependency topology for the Global Verification; they do not carry
numerical weights between Structured Elements.

Non-uniform fragment decomposition does not by itself alter the admissibility
or structural validity of relations, provided that the type-compatibility
constraint and the relational coherence imposed by the System are strictly
preserved.
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The pair (E(t), R(t)) therefore defines a directed relational graph over the
Structured Elements of the System. Recursive decomposition induces a
hierarchical graph structure wherein:

* Each structured element s; € E(t) corresponds to a vertex (node).
e Each admissible relation (s, s;) € R(t) corresponds to a directed edge.

* Decomposition levels define a tree structure in which nodes generate
descendants through recursive fragmentation, preserving type
consistency.

* Terminal fragments (Ter(t)) represent the leaf vertices at the deepest
levels of decomposition.

The resulting Graph therefore captures both the structural dependencies
among elements and the recursive topology of the State decomposition.
Consequently, although terminal Fragments remain epistemically incomplete
from the perspective of an isolated verifier, the relational structure R(t) fully
preserves the structural dependencies required for global consistency and
reconstructive coherence.

5.4 Id;, Data (D;) e Attributes (At ;)

Id; is the unique identifier of the Structured Element s;. It contains the minimal
encoded identifiers required for recursive fragment association and
reconstructive consistency within the System (as detailed in the chapter
dedicated to the System's Operational Flow).

Generally speaking, the System does not maintain a complete, explicit
topological map of the Fragment reconstruction upfront. Instead,
reconstructive coherence emerges dynamically from the relational structure
R(t) and the recursive dependency structure preserved across decomposition
levels.

At each recursive decomposition step, the System associates the Structured

(n)

Element s;"™ with unique encoded identifiers that never leave the internal
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architecture. These keys provide an internal set of information for the exclusive
use of the System. During a reconstruction process, or more simply to
formulate the precise task assigned to the External Verification Agent, the
System uses Id; to map the relational dependencies associated with the
Structured Element within R(t).

The Algorithmic Immune System via R(t) Mapping:

(nota: The expression “Algorithmic Immune System” is used here as an architectural metaphor to describe the System’s traceability,
isolation, and rejection mechanisms. It does not introduce an additional formal subsystem beyond R(t), the verification functions,
and the invariant structure C)

It is precisely at this juncture that the structural identifier (Id;) meets the
physical verifier. Upon random assignment, the topology R(t) establishes a
strict, bi-univocal mapping between the fragment's Id; and the unique identity
of the assigned External Verifier (v € V). This guarantees absolute
accountability without exposing the payload: if the verifier v acts maliciously
or executes a freeze attack, the System utilizes R(t) to instantly trace the
obstruction, isolate the affected Id; branch, and permanently expel v, from the
active pool. This dynamic ensures the progressive algorithmic purification of
the network.

The Payload (D;) and Bottom-Up Reconstruction

Complete reconstruction of the information content of the current level (n) is
strictly necessary for the reconstruction of the information of the previous,
higher level (n-1).

This is because only after complete reconstruction of the current level is it
possible to reveal the Id structure of the parent decomposition level (n-1),
which is necessary for the next recomposition. The system is therefore
designed to allow only internal reconstruction of the graph by progressive
recompositions.

The data payload D; follows the exact same recursive decomposition logic as s..
Its binary content is progressively reconstructed during each recomposition
cycle from level n to level n-1. Consequently, the complete reconstruction of a
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preceding decomposition level requires the coherent, verified reconstruction
of the informational content preserved at the current, lower level.

In accordance with the Principle of Knowledge Restriction, the complete D;
content remains internally restricted within the System and is not directly
accessible to External Verification Agents. In other words, D; never leave the
System.

Attributes (At ;) and the Granularity of Information
Let us now examine the Attributes. Formally, we define the attribute set as:
At ={ay, ap, A, ..., A} (18)

Attributes represent observable classes or descriptive categories, not abstract
logical properties. The Attribute is, therefore, a category or class of objective
description of the Structured Element at the considered level of
decomposition. Attributes may exhibit internal dependencies, but these cannot
be modeled as relationships within the native System; rather, they are defined
by the specific, external implementation context.

Crucially, the attribute class also undergoes a recursive decomposition
according to the proposed model, symmetrically following the decomposition
of the D; data it represents. The depth of this decomposition defines the level
of detail or resolution of the information and is a direct function of the
Granularity of the Global Information (see Chapter 14).

Practical Example: Recursive Attribute Decomposition

To better clarify recursive decomposition at the attribute class level, consider
the verification of a specific physical asset.

Suppose the object of verification is the existence of a "plaid shirt, with a right
sleeve length of 60 cm and a left sleeve length of 60.5 cm (slight asymmetry),

shoulder width of 47 cm, height from shoulder to hem of 75 cm, total wingspan
(right sleeve + left sleeve + shoulders) of 167.5 cm. The plaid squares are 3 cm x
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5 cm, except on the sleeves where they are 2 cm x 3 cm. The pattern is red-
striped on a blue background."

An attribute class at an aggregate level (n-2) might simply be:

* Total wingspan from the end of the right sleeve to the end of the left
sleeve (167.5 cm).

The attribute class at the next recursive decomposition level (n-1) would divide
this into:

* Length of the right arm from the edge of the sleeve to the shoulder (60
cm).

* Length of the left arm from the edge of the sleeve to the shoulder (60.5

cm).
* Width of the shoulders (47 cm).

The attribute class at the final, terminal recursive decomposition level (n)
would fragment the task further:

e Length of the shirt from the edge of the left sleeve to the left elbow.

* Length of the shirt from the left elbow to the left shoulder.

* Length of the shirt from the edge of the right sleeve to the right elbow.
* Length of the shirt from the right elbow to the right shoulder.

e Width of the shirt from the edge of the right shoulder to the center.

* Width of the shirt from the edge of the left shoulder to the center.

Conclusion of the Example: The purely educational significance of this example
demonstrates how a single macroscopic attribute (level n-2) is systematically
broken down into distinct, isolated local verification tasks (level n). This process
directly mirrors the structural decomposition of the payload itself, ensuring
that no single verifier at level n possesses the necessary context to infer the
global state.
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5.5 Properties (P;)

Properties are logical conditions acting upon a single Structured Element s,.
Examples of properties include states such as: valid, transferable, blocked,
verified, suspended, accepted, questionable, corrupted, among others.

Crucially, properties are not raw data; rather, they are Evaluations that depend
exclusively on the System's logic.

Let PP be the finite set of admissible logical properties defined by the System.
For each structured element s;, we define its property set P; as a subset of P:

PSP

Equivalently:

P, e 2” (19)
where 2% denotes the power set (the set of all finite subsets) of P.

Properties are the deterministic logical results generated either by the Local
Verification Function or the Global Verification Function. Therefore, the
property state at a given terminal level n is defined by extracting the logical
outcome (via the projection operator ;) from the local verification:

Pi(n) = T[Z(VLocal(Si(n))) (20)

At higher aggregation levels, the Global Verification Function Vs does not
generate a new property set through a second projection. Rather, it evaluates
relational coherence, invariant satisfaction, and global admissibility,
returning a binary veto outcome.

Properties are strictly generated by the Local Verification Function applied to
the terminal Structured Element. They are not limited merely to the binary
definition of Validity, but encompass all other systemic logical conditions that
emerge from the specific application context. For instance, a structured
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element s; could be evaluated as simultaneously Valid, but also Blocked and
Non-Transferable.

The formal definition of admissible properties depends entirely on the specific
implementation and application domain of the System. Therefore, this
document does not aim to provide an exhaustive enumeration of all possible
properties. The final implementation will supply a complete description of the
admissible property space, tailored to the nature of the target Object.

However, a foundational principle must be emphasized: a Property is never
intrinsically given or self-declared by the data. It must strictly emerge as the
deterministic outcome of the Verification Function applied to the State of the
Structured Element.

The subsequent section will further clarify the operational role of the
Verification Function within the System architecture.

5.6 ObSi

Let Obs; denote the set of externally reported observations, measurements,
attestations, declarations, certificates, signatures, testimonials, or records
submitted by the External Verification Agent within the verification process.

Recall that the Structured Element s; intrinsically contains the observational
parameter Obs;, alongside its identifier, data payload, and attributes: (Id;, D;, At
i Obsi).

Obs; represents the empirical evidence provided by the External Verification
Agent. It contributes to the evaluation, but does not exclusively determine it,
since it originates externally to the System — even if produced under System-
guided constraints. Obs; is therefore an input provided from the outside, which
is subsequently evaluated through the local application of the Verification
Function Vi,
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The Verifier records the data corresponding to the specific verification
assignment randomly allocated to it. The reported data refers exclusively to the
attribute class At ; assigned to the verifier at the terminal level of
decomposition n.

The data entered into the System is compared through V.. to verify its
convergence with the corresponding information preserved in D; and its
compliance with the logical constraints imposed by the System. For example, if
the assigned task involves measuring a physical quantity, the observational
evidence recorded in Obs; is compared with the corresponding value originally
encoded in D..

For quantitative attributes, the System calculates the magnitude of the
detected deviation and checks whether it remains within the admissible
tolerance threshold associated with At ;. For qualitative attributes, the System
evaluates whether the reported observation is compatible with the
equivalence or admissibility relation defined for At ..

If the convergence criterion associated with At ; is satisfied, the Boolean
component of Vi, returns 1.

Otherwise, the Local Verification fails and the Boolean component of V4
returns O.

In summary:

Obsi(n) 9 VLocal(Si(n)) 9 I:)i(n) 9 VGIobaI(n_l)(S(n_l)(t)) % 9 VGIobaI(O)(S(O)(t)) %
Viobal(S(t))- (21)

5.7 Local and Global Validity

The Verification Functions V... and Vgiona are applied at different structural
levels of the System.
This produces two distinct verification domains: Local and Global.

Localvajidity
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Local Validity is a Logical Property referred to the Single Structured Element,
such that

VLocaI(Si(n)(t))
where

the Structured Element is individually verified at time t by the V.. Function,
which evaluates its local logical admissibility, Attributes, convergence between
Obs; and D;, and Local and Logical Consistency exclusively at the terminal level,
where

n represents the final level of recursive decomposition.

GIObaIValidity

Global Validity is a logical property that emerges from the consistency of the
application of all verification functions for each individual element, starting
from the level preceding the terminal one and recursively ascending, involving
all the elements of the graph up to the first node and the complete
reconstruction of Is. This constitutes the consequent application of the
verification of the relationships between these and the observance of the
invariants C at all levels such that:

Let

The Vegiona function is then applied successively to all intermediate states up to
the Node, such that

Vaioba(k)(SY(1)),
foreachk=n-1,n-2,n-3, ..., 1
The cycle repeats until E“(t) of the Node is recompacted.

Once state S is reconstructed, we will have:

VGIobaI(S(t))

Verification function applied to the entire state S at time t. This last application
checks the Relations R, the Invariants C, and the Consistency between the
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Structured Elements already verified by VLocal at the terminal level and by the
same Vgiopal function applied recursively until the entire state S is reconstituted.

Therefore, it is possible that

Vs, € Ter(t), m(V.(s)) = 1, (22)
while

Ve(S(t)) =0,

if the global State violates one or more invariants in C or fails relational
consistency.

Therefore
VLocal * VGIobaI

These are two Verification Functions applied to two different levels of the
Structure, and therefore respond to different satisfaction criteria for successful
completion of the inspection.

The relationship between the two, therefore,

is not

VGIobaI(S) = /\sie EA(n)(t) VLocaI(si);
but is
Vaiobal(S) # Asicermp Viocal(Si) (23)

That is, the verification function applied to the entire (global) State or
recursively to the Elements of the intermediate epistemological levels is not
equivalent to the verification function applied to the structured element at its
terminal (local) level, but we will have

VGIobaI(S) = f(E, R, C)-

In conclusion,
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global validity cannot be reduced to the conjunction of local validity
conditions, since the global verification process also depends on relational
coherence and the satisfaction of the invariants applied to all levels recursively
reconstituted from the previous level to the last terminal level until obtaining
the State, such that:

local # global domain.

This evidence leads to an interesting observation:

If an inconsistency occurs during the checks performed by the Vgiopa function
on the graph elements reconstructed in ascending order along the
intermediate epistemic levels, the reconstruction process is interrupted due to
an invariant violation, and the state is rejected even before the reconstruction
is complete (early rejection).

5.8 Vgiobat aNd Voo Verification Functions
Given the Structured Element definition:
Si = <0i, (idi, di, d;, Obsi, p|)> € ,

the Vo verification function is applied exclusively to terminal structured
elements belonging to the last fragmentation level n.

Thus, the Local Verification process is expressed as:
VLocaI(Si(n)(t))f

where n is the terminal fragmentation level.

VLocaI(Si(n)) = (bi; Pi); (24)
with
bi € {0, 1}

and
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P, € P(P).
The terminal fragment is locally accepted if and only if:

L8] (VLocaI(Si(n))) = 1

The Function verifies the validity conditions of all parameters included in s, i.e.,
id;, D;, At ;, Obs,, generating the property P;.

In detail, each of these parameters is verified for admissibility, internal
consistency, plausibility of observational assertions formulated by the external
verification agent or its measurements, internal logic of the assertions, and
correspondence of the expected attributes At ; with those identified by the
User when creating the object existence verification instance (see paragraph
5.8.1 Local Data Convergence Function).

For example, it may happen that the parameters D;, At ;, and Obs; are all correct
and perfectly aligned (e.g., At ; = "shirt color", D; = "red", Obs; = "red"), but the
System detects that the value of Id; (unique identifier) is not possible because it
is expressed in an inadmissible formulation.

Or it may be that the parameters idi, At ;, and Obs; are correct, but the value of
D is incorrect because it exceeds the maximum expected value for the terminal
decomposition level n considered (if the sum of all D; values at terminal
decomposition level 3 reached a value D; = 101, and the sum of all expected D;
values for the previous decomposition level 2 was equal to 100, a structural
inconsistency necessarily arises, either because the decomposition violates
information-preserving constraints, or simply because we have an Obs;
statement that does not coincide with D;).

In this scenario, even if a colluding subset of external verification agents
submits observations that satisfy the local convergence criterion, thereby
producing an apparent local acceptance, the structural anomaly will emerge
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during the recursive aggregation phases (for example, the sum returning 101
instead of 100).

Consequently, the application of the Global Verification Function to the
corresponding candidate partial state,

VGIobal(k)(S(k)(t))I

will evaluate to FALSE whenever the reconstructed state violates relational
consistency or one of the invariants in C.

The state is therefore rejected despite the apparent correctness of isolated
local verification outcomes.

Formally,
let
Veioba : S = {TRUE, FALSE}

where S denotes the space of admissible States, such that the State of the
System at time t is defined strictly by its structural constituents:

S(t) = (E(t), R(t), C),

To capture the recursive nature of the intermediate structural consistency, we
define k € {0, 1, ...., n} as the epistemic level of decomposition, where k=0
represents the root State (Ig) and k = n represents the terminal level.

Then we have Vgiopa(S(t)) = TRUE if and only if all the systemic conditions are
recursively satisfied across all levels. This deterministic function evaluates
whether a State satisfies the System constraints, i.e.:

1. Terminal Level Constraint (k = n): Vs{™ € E™(t), s{" = ma(s{™), Vioea(si™) =
TRUE
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2. Intermediate Relational Consistency: Vk € {0, ...., n - 1}, the sub-graph
R™(t) is consistent

3. Intermediate Invariant Satisfaction: Vk € {0, ...., n - 1}, V¢, € €%, ¢,(S¥(t))
=TRUE

Therefore, the fundamental equation of Global Validity (28) is formalized as:

Veiobal(S(t)) = TRUE <

Vs € E", si”=m (s"), Vieea(s™) = TRUE] A [Vk € {0, 1, ....., n - 1},
VGIobaI(k)(S(k)(t)) = TRUE]: (25)

with
Vaioba(SM(t)) = TRUE < Consistent(R(t)) A V¢ € CY, ¢(SM(t)) = TRUE. (26)

The outcome of the Verification Function determines Local or Global
Validity depending on the structural domain to which it is applied.

In summary, Vi and Vgiopa are not two applications of the same verification
criterion at different scales. They are distinct verification functions.

Vieca €Valuates the empirical convergence between the internally declared data
D the and the externally observed Obs the and is applied exclusively at the
terminal decomposition level.

Vaiobal, ON the other hand, is a system-level internal verification function that
evaluates relational consistency, invariant satisfaction, and the consistency of
the reconstruction across intermediate levels and on the final state.

No external verification agent participates in the recursive application of Vgiobal.

The Verification Functions Vgiopa and Vo are always deterministic, because
identical States necessarily produce identical verification outcomes.
Since the Vgiobalor Vieeal Function is defined for all States, we have

Y S(t) € S, Veioa(S(t)) € {TRUE, FALSE}
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Furthermore,
Evalid(t) c { S| VLocaI(s) = TRU E}

we can mathematically assert that Global Validity is not merely the conjunction
of Local Validities (29):

VGIobaI(S(t)) # /\s_i"(n)EE’\(n) (t) VLocal(Si(n)(t)) (27)
Brief summary of the operational flow

0> 1(0) > 1(0,) > E™(t) = ™ > Vigew > P" > Recursive Vgioba(S™) >
Veiobal(S) (28)

5.8.1 Local Data Convergence Function

In coordinatized operational form, for a terminal structured element

5" = (g, (id;, d;, a, obs, p))),

the Local Verification Function may be written as:

Vioaa(ldi, D;, At y, Obs;) = (b, P) (29)

where this notation denotes the application of V.. to the corresponding
terminal structured element s;,".

Vieaal's specific task is to evaluate convergence, such that
ConVAt_i (Di, Obsi)

that is, the comparison between the data declared by the user D; and the data
observed by the External Verification Agent Obs;, with respect to the specific
attribute At ..

The Local Verification Function does not merely check the formal correctness
of the structured element.

Its main task is to evaluate the convergence of the data between the value
declared by the user, D, and the value observed and reported independently
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by the external verification agent Obs;, with respect to the specific attribute
class At ..

Formally,

Let
Conva i: D x Obs - {0, 1} (30)
be the Attribute-Dependent Convergence Function.

For every pair (D;, Obs;), the function returns 1 if the value declared by the
User and the value independently observed by the External Verification
Agent are compatible under the admissibility criteria associated with the
attribute At ;, and O otherwise.

Therefore
ConVAt_i(Di, Obsi) =1

if and only if the value reported by the External Verification Agent is
compatible with the value declared by the User under the
admissibility criterion associated with At ;

Therefore:
Viocal(ldi, Dy, At ;, Obs;) = (b;, P)
with
b; = Conva i(D;, Obs;) A Form(ld;, D;, At ;, Obs))
where,
Form denotes the formal admissibility check of the tuple.
For quantitative attributes, convergence may be expressed as:

ConvAt_i(Di, ObSi) =1 & |D;-0Obs)]| < Ent i (31)
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where gy ; is the admissible tolerance threshold associated with the
attribute At ;

For qualitative attributes, convergence may be expressed through an
attribute-specific equivalence relation:

ConvAt_i(Di, Obsi) =1 & D, = At_i ObSi

Thus, Local Validity is not produced by unilateral declaration, nor by
external attestation alone, but by the convergence between the
User’s declared data and the External Verification Agent’s observed
data under the semantic constraint imposed by the assigned
attribute.

Finally

Let
Form : Id x D x At x Obs - {0, 1} (32)
be the Formal Admissibility Function.

Form evaluates the syntactic correctness, structural consistency, and
implementation-specific admissibility of the tuple (Id;, D;, At ;, Obs;).

The Boolean outcome of the Local Verification Function is defined as

b; = Convp (D;, Obs;) A Form(ld;, D;, At;, Obs;).
To recap:

Vioeal(si™) = (by, P),

with

bi = Conva (D, Obs;) A Form(ld;, D;, At ;, Obs;).

For intermediate levels:
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Vaioba(S¥(t)) = TRUE < Consistent(R¥(t)) A V¢, € C¥, ¢(SM(t)) = TRUE.
For the complete state:
Vaiobal(S(t)) = TRUE

if and only if terminal local admissibility, recursive relational consistency, and
invariant satisfaction hold across all admissible decomposition levels.

Therefore:

Vaiobal(S(t)) # As_inn) € enn)y VLocaI(si(n)(t))- (33)

Fault Tolerance, Verification Refresh, and Asymmetric Verifier Response

In practical implementations, the Algorithmic Immune System of a CNVS must
not be interpreted as a rigid punitive mechanism. A verification failure may
arise either from malicious behavior or from ordinary infrastructural faults,
such as network interruption, hardware malfunction, communication delays,
temporary node unavailability, or local measurement error.

For this reason, a practical implementation of a CNVS should structurally
distinguish between non-response, formally impossible falsification, and
plausible but non-convergent observations. These cases trigger different
response protocols.

1. Non-Response and Temporary Suspension

If an External Verification Agent does not return the assigned observation Obs;
within the protocol-defined time window, the System cannot deterministically
conclude that the event corresponds to an intentional freeze attack. The failure
may also result from an involuntary infrastructural problem affecting an
otherwise honest verifier.

To preserve liveness without unfairly penalizing honest participants, the
unresolved verification task may be detached from the inactive verifier and
reassigned to another verifier randomly selected from the active verifier pool.
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The inactive verifier is not immediately excluded. Instead, it may be
temporarily removed from the assignment process and placed in a suspended
or quarantine status. The verifier may be reinstated after a protocol-defined
recovery period, provided that the non-response does not become chronic,
statistically recurrent, or structurally harmful to the verification process.

2. Formally Impossible or Manifestly Corrupted Responses

A different response applies when the verifier returns data that are structurally
impossible, formally inadmissible, or manifestly incompatible with the assigned
attribute class and with the admissible domain of the verification task.

In this case, the System may classify the event as active falsification rather than
mere inactivity. Examples include observations that violate the formal
admissibility predicate Form, values outside the admissible physical or logical
domain, or responses incompatible with the structure of the assigned
verification task.

However, in this case, the original task should not simply be reassigned in
identical form. A direct reassignment of the same task may itself become
exploitable, because an adversarial verifier could use the reassignment
behavior as a probing or blocking mechanism.

The corrupted response is therefore archived, the verifier may be suspended
or permanently excluded from the active verifier pool, and the System triggers
a verification refresh. The refresh does not simply repeat the same task.
Instead, it regenerates a controlled verification instance over the same
attribute class or over a related measurement domain, possibly using a
different formulation, a different measurement granularity, different timing, or
a partially transformed verification request.

3. Plausible Non-Convergence and Challenge-Refresh

A more delicate case occurs when the verifier does not provide an absurd or
formally impossible value, but returns a plausible observation that does not
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converge with the internally declared datum D;, slightly exceeding the
admissible tolerance threshold g ;.

In this case, immediate rejection may be too rigid. A single malicious verifier
could intentionally submit a plausible but non-convergent value in order to
cause the rejection of an otherwise valid candidate state. Conversely, a
genuine measurement discrepancy may indicate that the candidate state
should not be admitted.

To distinguish these cases, the System may introduce a challenge-refresh zone.
If the deviation from D;exceeds the ordinary acceptance threshold but does
not reach the level of formal impossibility or manifest falsification, the System
neither admits nor immediately rejects the candidate state. Instead, it places
the corresponding local verification condition into a disputed status and
activates one or more independent refreshed verification tasks.

These refreshed tasks should not be perfectly identical repetitions of the
original assignment. They may refer to the same attribute class, but with a
modified measurement formulation, randomized timing, different verifier
selection, or partially orthogonal observational questions. This prevents the
verification refresh itself from becoming an attack surface.

The refreshed observations are then evaluated as an evidence bundle. If the
independent refreshed observations converge back toward the internally
declared value D;within the admissible tolerance threshold, the Local
Verification Function may return a positive outcome despite the earlier non-
convergent observation. If, instead, independent refreshed observations
continue to exceed the tolerance threshold in a coherent manner, the System
may reject the candidate state.

4. Cross-Verification Over Time

In the Golden Protocol Nexus implementation, the same object, the same
attribute class, or the same verification domain may be inspected multiple
times by independent verifiers across successive time windows. For example, a
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disputed measurement may be re-examined after 4, 6, or 12 hours by different
verification agents.

In this way, truth does not depend on the isolated action of a single verifier. It
emerges from the controlled convergence of multiple independent
observations, collected through randomized assignment, restricted knowledge,
and refreshed verification conditions.

The System may therefore treat a single plausible but non-convergent
observation as insufficient for final rejection when the deviation falls within a
challenge-refresh interval. Final rejection requires persistent non-convergence
across independent refreshed observations, or a violation of formal
admissibility, relational consistency, or global invariants.

This asymmetric response architecture makes the CNVS tolerant toward
involuntary physical or infrastructural failures, resistant to isolated malicious
non-convergence, and strict against the intentional injection of corrupted
verification data. It preserves liveness without weakening the Global Veto
Principle, because the candidate state is not admitted until Local Verification,
refreshed evidence when required, intermediate Global Verification, and final
Global Verification are all satisfied.

5.9 Protocol Parameters (€g, €y, €c, €t i, A, Lo)

"Protocol Parameters" are defined as the set of critical coefficients (€g, €, €c,
€ai, N, 1o) established by the System to regulate the Information Density and
Fragmentation Tolerance Thresholds. These parameters are not independent
variables, but structural constraints that determine admissibility and rejection
conditions across decomposition and verification processes.

These parameters can be modified by the System or the Implementation to
vary the expected thresholds and thus adjust the System Efficiency.
They will be discussed in the relevant chapters.
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6. The State Transition Law

A state transition is defined as the evolution of the state from time t to time t +
1, such that

S(t) > S(t + 1) (34)
Let
T:SxU>2°

Given the Transition Function T, we have that

S(t+ 1) € T(S(t), U(t))

where

U(t) = external inputs (observations Obs;, validations, events, etc.),

The System generates a candidate state at time t + 1, but there are no invalid
intermediate configurations that persistently alter the System. Only
configurations that satisfy all the conditions imposed on their constituent
elements are admitted.

Specifically, the candidate set of structured elements E(t+1) within the new
state must exclusively comprise verified terminal fragments:

Eva“d(n)(t +1 ) = {Si(n)(t + 1) € Etemp(n)(t + 1) | T[1(V|_oca|(5i(n)(t+1))) = 1} (35)

However, satisfying local validity is a necessary but insufficient condition for
the State Transition to be finalized. Furthermore, the candidate state S(t + 1)
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must also pass the recursive Global Validity checks across its entire structural

hierarchy.

Therefore, for the transition to be actualized, the following systemic condition
must hold:

Veiobal(S(t + 1)) = TRUE.

That is, assuming S' is the candidate state proposed by the transition function:
S" e T(S(t), U(t))

it must satisfy that
V5|oba|(sl) = TRUE
The Transition is therefore not free, but is constrained by verification.

In short, State Transitions are governed by the Verification Functions, ensuring
that only terminal structured elements satisfying 1 (Vioca(si™)) = 1, all
intermediate partial states S satisfying the recursive Global Verification
conditions, and the final candidate state S’ satisfying Veiobal(S') = TRUE are
mathematically admitted into the Global System at each discrete temporal

step.
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7. Definition of Levels of Knowledge and Information

In @ CNVS system, accessible information is distributed according to the
decomposition set by the system itself, so that at each subsequent level, the
size of the new structured sub-element obtained is reduced, according to a
recursive model that preserves the information structure, which is
progressively made more fragmented.

This forces us to define two distinct informational domains, which in this
section we prefer to call "planes", because the term "level" is reserved for the
depth of the recursive decomposition:

The first plane, defined by the "I" notation, refers to the complete structure of
the Information Plane and will include, in addition to the semantic content of
each "informational unit"”, all the information related to its reconstruction, its
size, and its semantic and structural relationship with all the other
"informational units" of the same level, those preceding it, and/or those
following it.

A second plane, defined by the "I" notation, refers only to the semantic
content of the payload and therefore ignores the structure of the graph that
produced it.

This distinction between planes is fundamental to understanding the entire

CNVS system.

Given that the system does not generate the Object O,, nor its 1(O,)
information, but merely manages it after it has been entered by the User,

each I(O,) therefore constitutes an input to an external request that uses the
System as an accreditation device.

The latter determines whether this input request should be accepted or
rejected.

The system will therefore receive a continuous flow of |(Ox) information, in the
form of external inputs, which will inevitably increase the content of the
System's Global Information, i.e., Ix at time t, because both the semantic
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content of the payload and the complexity of its graph will increase.
Following this logic, the verifier's knowledge can develop at different levels of
the two possible information planes, with the same recursion.

Let's recall the Chain of Events:
0> 1(0) > 1(0) > E>s > Ifs).

It is important to note that within the System, information relating to both the
graph and the payload content is not transmitted in directly readable form, but
is encoded at source to make it cryptic.

The encoding is:
e Systemic

e Uniform

e Structural.

Therefore, the decomposed information will not reach the verifier in directly
readable form, but must first be decrypted, as it will have inherited the
encoding of the original information.

The System provides structured encoding as an additional security mechanism
and, in ideal implementations, encryption may additionally be applied.

In an ideal model, decryption should be possible using unique keys provided
exclusively to the verifier assigned to the specific execution fragment.

This way, even if an unauthorized Verifier were to access other Fragments, thus
violating the System's exact distribution map, they would be unable to read
their contents, as they do not possess the specific decryption keys for each
Fragment.
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In short, in the System the information is encoded and, in the ideal
implementation, encrypted, so the Verifier's access to all the Fragments does
not eliminate the encryption problem.

Dec(Ti(t)) # I«(t)

for an unauthorized Local Verifier,

while the Information Encoding I,(t) can be expressed as I,(t) at time t, such
that

Te(t) = Enc (I4(t)).

For simplicity, the Model is formalized below by considering only the Final
Encoding (Enc) notation = I, without reporting the notation I, for the different
Information levels and planes.

In light of this, the semantic knowledge K, of an external User at time t, limited

to the semantic content level present in the System at level x, can be
understood as an accessible set of information, such that

Ky(t) =< 1i(t) (36)

Specifically, it is a subset of the information accessible to a subject, where

- I,(t) = Information existing as semantic content,

- Ki(t) = knowledge accessible,

for each domain x, at time t.

The knowledge K, of a User at time t extended to the global information level

present in the System at level x, can be understood as the accessible set of
information, such that
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where

I,(t) corresponds to the semantic content of the payload, of its entire graph
including the relational structure and the metadata necessary for
reconstruction.

The entire representation is always expressed within the system as an encoded
and ordered binary sequence {0, 1}, both for | and for I, such that

IX(t)I IX(t)I KIX(t)I Kx(t) € ({O, 1}*)2 (38)

where:

e {0, 1} is the set of all finite binary strings;
e x identifies the domain (Global, nodal, fragmented, Local);

ez, XxeIN

Let I5(t) be the Global Information of the System at time t, such that
Where V = {VLocaI;VGIobal}

I will comprise the complete graph structure of E(t) and the exact semantic
content of each of its recursive decompositions, at every level along the entire
graph, up to the complete payload.

Let

Ka(t),

be the global knowledge accessible at time t, that is, the knowledge relating to
the information I of the entire system at time t, from the payload to the
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complete graph structure of domain G,
such that

Ls(t) = I(S(t)

where I; corresponds to the information:

- of the entire structured set E(t),

- of all the relations R(t)

- of all the constraints (C) imposed by the system,
we will therefore have

Kre(t) < Ls(t). (40)

The same relationship is found for the purely semantic information plane |,
referring exclusively to the transported payload, devoid of its relations,
invariants, and the complete structure of its graph. Therefore, we have
symmetrically:

ls(t) = I(E(t)), but not

ls(t) # 1(S(t)), because the State also includes Invariants and Relations.
Therefore,

the overall semantic knowledge will be:

Ks(t) < la(t). (41)

The nodal knowledge Kiy at time t refers to the information Iy relating to the
first node at time t, and therefore to all subsequent recursive decompositions
that derive from it up to all terminal fragments, and includes both their
semantic content and the structure of the entire descendant graph generated
from that node,

where N; constitutes the first node, so we will have

In(t) = (U0 EM(1), UM RM(), €V, VYY) (42)

and that is
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In(t) = I(Desc(N;, t)) (43)
where
Desc(N,, t)

denotes
the recursive set of all descendants of node N..

Then the relation will be:
Kin(t) < In(t). (44)
Symmetrically, the semantic Nodal knowledge will be

In(t) = I(Desc(Ni, t)), and refers to the semantic content of all payloads derived
from the recursive decomposition of the common node N..

The decomposition-level knowledge K™

at time t is that relating to the
information I,"™ of all the decomposed elements that are located at the same
level h at time t, but excludes the recomposed elements of the previous levels
and the decomposed elements of the subsequent levels, with reference to
both the aggregated local semantic content and the local structure, including
the related Relations, invariants and function V,

such that
Ih(n)(t) = (E(t)hl R(t)hl Chl Vh)l (45)
Kn(t) < IM(1).

The semantic level knowledge K, (t) will be that referred to the aggregate
semantic content plan of the payload of all the elements belonging to the
same level h, excluding the graph and the structure of the Relations, such that

Ka™(t) < 1.7(t) (46)

The fragment-level knowledge K:r at the local level includes the knowledge
relating to the semantic information I; of the terminal fragment, including all
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the Relations, invariants and the structure of the Fragment itself,
such that

IF(t) = (sij(n)(t)l Rs_ij(t); Cs_ij(t); VLocaI(sij; t)) (47)
therefore
Kir(t) = Tk(t). (48)

Symmetrically, the semantic knowledge K:(t) at time t, referring only to the
elementary content of the non-aggregated payload, and without its graph and
relations will be

Ke(t) < Ig(t) (49)
for I¢(t) = I(s;"(t)). (50).

The fragment-level knowledge K: of the single fragment of the last level
assigned by the system at time t is also called local knowledge (Kiocal), such that

KF(t) = KLocaI(t); (51)
Ke(t) =< Ie(t) (52)

This last definition is particularly important in CNVS Systems, because
fragment-level knowledge presupposes a level of knowledge that is actually
superior to that of the final verifier.

If everything described in the previous paragraphs is true, the verifier will not
need to know the Relations, invariants, or the activity of the V.., function on
the assigned fragment, so its level of information will certainly be lower than
Kzr, but it will also be lower than that of K.

The reason lies in the fact that the verifier does not even have complete
semantic knowledge of the assigned fragment, as the System turns to it to
entrust it with the task of performing an observation on the Object, but does
not reveal the contents of the payload recorded in D;, and does not know the
definition of the specific class of the Attribute A ;, but can only infer it.
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It is the verifier who must record the observed data, generating the input Obs;
that is subsequently inserted into the System.
This is why the relation holds:

Kue(t) 5 1e(t) (53)

The accessible information levels will have the following relationships:
le(t) & In(n)(t) & In(t) & ls(t). (54)

Considering only the semantic level, we observe that the distribution of the I¢
information relative to the fragments obtained s, does not follow a uniform
pattern,

formally we will have

Drul(In™(t), Felt)) = {I5 1(t), Ig 2(t), ..., Ig rn(t)} (55)

where
- D,, is the nonuniform distribution function;

- 1,™(t), is the information of level n to be fragmented at time t;

- F,(t), is the number of terminal fragments required at time t;
- I¢i(t), is the information of fragment j.

The information distributed by fragmentation 1,™(t) is completely preserved,
formally
SO ()] = 11| (56)

where we have
dj # k such that I (t) # I¢ (t).

Let XJ(t)

be the random variable representing the terminal fragment assigned to verify
vjattimet,
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Where
- j identifies the verifier V;;
- X(t) is the fragment assigned to verifier V; at time t,

let
E™(t) be the set of Fragments of level n at time t,
let

Ter(t) be the set of terminal Fragments of E™(t) of level n at time t, such that
Ter(t) = E™(t),

where n denotes the terminal decomposition level at time t,

then formally we have

X(t) € Ter(t)

and therefore
KVF,j(t) = j’ (Xj(t)),

where ¢ represents the return function of the information content of the
terminal fragment, such that

g : Ter(t) > {0, 1}".
If the fragment is encrypted and the verifier has the correct key,
Kve, i(t) = Dec (§ (X(t)),

where ¢ (X,(t)) denotes the encoded representation of the information
associated with the assigned fragment,
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and when decryption is complete, we have

Kve,i(t) = F(X(t)).

The verifier does not receive the full semantic payload I; (t) of the assigned
terminal fragment. Even when encryption is used and the verifier possesses
the correct key, decryption gives access only to the operational view required
to perform the assigned observation.

Let Viewy(X;(t)) denote the verifier-visible operational view associated with the
assigned terminal fragment X;(t).

Then:

Kvr,j(t) = Viewye(Xj(t)),

with

Kve, i(t) = g i(t).

Even when encryption is used and the verifier possesses the correct key,
decryption gives access only to the operational view required to perform the
assigned observation, not to the full semantic payload of the assigned terminal
fragment.

Therfore:

The Kyr Knowledge available to Verifier v; at time t will be limited to its own
fragment but cannot be complete, because the External Verification Agent

does not have full access to the I ; Information, but only to a measurement
grid for managing the assigned task.

Specifically, the System manages the amount of fragmented information to

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



share, based on "how much" information the external verification agent needs
to know to perform data collection and its objective assessments, which will
then be used by the System for verification through convergence of the D;
Data.

Therefore

Kue(vi, 1) 3 Ke(t) < 1e(t) = I(sy™). (57)

On the fragmented Knowledge plane, however, there is no access even to the
Fragments that make up the Same Level.

Therefore, we will have
Kue(t) 2 In(t), (58)
but

Kve(t) # In(t)

and

Kue(vi, t) 3 Ke(t) & Kn(t). (59)
Furthermore,

Kn(t) & Kal(t). (60)

The Knowledge Relationships will therefore be

Kue(v, 1) 3 Ke(t) E Ki™(t) & Kn(t) & Kalt) (61)
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It should be noted that Fragment Assignment follows a random logic, such that
a group of External Verifiers will not necessarily receive Fragments belonging
to the same Node or to the same decomposition branch. External Verifiers may

be assigned terminal Fragments derived from different Nodes.
That is,
Assign(F ) > v, (62)

where F | is a terminal fragment of Node N,, but Verifier v; can receive

Fragments coming from different Nodes:
Kve(t) 3 {I(N;, t), I (N, t), ...}

with

e

This increases information dispersion, because the Verifier does not work
within a recognizable "nodal class."

Furthermore, since the information is encoded, we will have

T(t) = Enc(l,(t))

for all subsequent levels of Information up to

Te(t) = Enc(lg(t)). (63)

The knowledge of the External Verification Agent will be:
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Ke(t) = Te(t)

with

Enc(le(t)) = Te(t).

(64)

if you have the correct encryption key.

Synthesis.

Knowledge Hierarchy Table

Knowledge Level Meaning
Fragment-Level

Ke(® Knowledge
Decomposition-Level

@)

Ka™(0) Knowledge

Kx(t) Nodal Knowledge

Kq(t) Global Knowledge

Scope

Knowledge accessible at the terminal Fragment
level

Knowledge associated with all Structured
Elements belonging to the same decomposition
level h

Knowledge associated with a Node and all its
recursive descendants

Knowledge associated with the entire System State

Semantic Information Hierarchy Table

Information Level Meaning Scope
Ix(t) Fragment Semantic Information Semantic payload of a terminal
Fragment
T(n) Decomposition-Level Semantic Aggregate semantic payload of all
" Information elements at level h
. . Semantic payload recursively derived
In(t) Nodal Semantic Information from Node N,
Is(t) Global Semantic Information g;il:;mamlc payload contained in the
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Structured Information Plane Table

Structured

Information Plane Meaning Includes

Ti(t) FragmenF Structured Pay'l(.)ad,. metadata, relations, invariants, local
Information verification structure

I,9(0) Level Str‘uctured Structured. r.epresentation of all elements at
Information decomposition level h

Tn(0) Nodal St'ructured Recursive descendant graph generated from
Information Node N;

Is(t) gllf%]iiastil;dumd Entire graph structure of the System State

Knowledge—Information Equivalence Table

Knowledge Domain Corresponding Information Domain
Kr(t) Ix(t)
Ki™(0) L)
Kn(t) In(t)
Ka(t) Ia(t)

Semantic vs Structured Information Planes

Plane Notation Meaning
Semantic Information .
Ik Semantic payload content only
Plane
Structured Information 1 Semantic payload + graph structure + metadata + relations +
Plane * invariants

Knowledge Accessibility Relation Table

Relation Meaning

Accessible semantic knowledge is bounded by semantic

<
Ki(t) 2 1u(1) information

Ku(t) =2 I, Accessible structured knowledge is bounded by structured
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Relation Meaning
information

Verifier knowledge is strictly lower than fragment

Kve(t) < Ix(t . .
w(t) < Ie() semantic information

Recursive Informational Inclusion Hierarchy

Hierarchy Type Relation

Semantic Information

0
Hierarchy Ix(t) © L) < In(t) < Ia(t)

Semantic Knowledge

m
Hierarchy Kr(t) © Ka™(t) = Kn(t) = Kq(t)

Structured Information

®
Hierarchy Le(t) = In™(t) = In(t) = Lo())

In short, Knowledge is not a simple quantitative reduction, but a Structural
Reduction of the System's Representation, where it is possible to have a small
but well-structured set of data, or by violating the System, to obtain much
more, but poorly structured and poorly comprehensible data.

In both cases, the available information is incomplete and fragmented to the
point that reconstruction by an unauthorized External Agent becomes difficult.

8. The Density of Information

Information Density p is a measure of the Dispersion of Information at the level
in question and can be understood as the weight of the information at the
level in question compared to the levels preceding it.
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Information Density is represented at multiple levels and does not depend on
the Knowledge of the External Verifier, being a measure used by the System.

The Local Information Density py is given by the measure of the contribution of

Fragmental Information to the Node (or Nodal Density), and constitutes the
portion of information per single Fragment compared to the Nodal
Information.

It is @ measure of the Dispersion of Nodal Information in Fragmental
Information, such that

pw,i(t) = [1g;(t) [/ [In(t) ] (65)

pn measures how much the information of that fragment weighs compared to
the information of its node (going up through all the levels of decomposition
up to s{%) or how much the nodal information has been dispersed;

The Global Information Density ps referred to the fragmental information is

given by

pe,i(t) = [1e;(t) |/ 1ls(t) | (66)

ps measures the weight of a fragment relative to the Global information of the
System.

Similarly, it is an index that measures the dispersion of Global information in
the terminal Fragments.
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The Relative Nodal Density pen is @ measure of the importance of nodal
information relative to Global information and measures the weight of nodal
information relative to Global information, such that

pen(t) = [In(t)|/ [1s(t)]. (67)

The Composite Information Density pc is the composite measure obtained by

taking into account both the effects of the Global Density and those of the
Local Density.

It is defined as a weighted geometric mean of two positive ratios,

such that

Pei (8)=(11e; (/I 1)« (116 (6)/16(t) )™, (68)

where a and B, are weighting coefficients that determine the relative
contribution of the two information ratios, and that can be modified by the
System or its Implementation to modify in the measurement of pc the weight

of the relative contributions of the Fragmental Information on the Nodal or
Global Information, such that

a,B,€[0,1] and a+B,=1

and where

|I:/ Iv] measures how much the fragment weighs in relation to the Node.

|I:/ Is] measures how much the fragment weighs in relation to System.
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So: Pc

measures a Composite Information Density, which takes into account both the
Fragmental exposure within the Node and the relative importance of the
Fragment in the Global System.

System Consistency is guaranteed by compliance with the Protocol Parameters
(see relevant section).

The System rejects any state transition in which the detected density exceeds
the established threshold coefficients (pn; > €x Or ps; > €6 Or pc; > €c = Reject
(S)) and violates the Conditions dictated by the Protocol Parameters.

In CNVS Systems, higher informational density corresponds to lower
informational dispersion and therefore to greater semantic exposure of the

Fragment relative to the protected Information domain,

therefore:

for

0 < pnlt), ps(t), pen(t) <1

under admissible decomposition conditions.
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9. Axioms

9.1 Axiom |

In the System, only what has been verified and admitted by the corresponding
Verification Function exists as part of the valid CNVS State.

Anything that has not been verified, or that has been verified but has not
obtained the required validity condition, does not exist for the System as an
admitted State component. It may exist as an external object, input, claim, or
candidate representation, but it is not admitted into the valid System State.

At the terminal level, a structured element s™(t) may belong to the valid
terminal set only if the Boolean component of the Local Verification Function is
equal to 1:

s"(t) € E™(t) = mu(Viee(si™(t))) = 1. (69)

At the global level, a State is valid if and only if the Global Verification Function
applied to the State evaluates to TRUE:

Valid(S(t)) < Veesa(S(t)) = TRUE. (70)

with

S(t) = (E(t), R(t), C).

Candidate states S’ produced by the Transition Function are admitted only after
terminal Local Verification and subsequent recursive Global Verification.
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Thus, if

S" € T(S(t), U(t)),

then S’ becomes an admitted System State only if
Veiobal(S’) = TRUE.

By also applying the Transition Function, the valid terminal elements at time t +
1 are defined as:

Evalid(n)(‘t + 1)
= {5t + 1) € Etemp"(t + 1) | T(Vioaals™(t + 1))) = 1}. (71)

Consequently, local rejection strictly prohibits admission into the valid terminal
set:

1 (Vioea(si™(t))) = 0 = s:™(t) & Evaig™(t). (72)

In short, Existence in a Native Verification System is verification-dependent.

A terminal Structured Element becomes part of the valid terminal set only if it
satisfies Local Verification, while the corresponding candidate State becomes
part of the valid CNVS State only if recursive Global Verification is satisfied.

Invalid elements may exist as external data, candidate inputs, or rejected
representations, but they do not constitute the admitted CNVS State.
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9.2 Axiom Il

The System requires that the State be represented through successive Levels of

Structured Decomposition.

Let © be the decomposition operator:

D:8 > PhnlB).

For every structured element s € §, either D(s) = &, in which case s is
terminal, or D(s) is a finite set of child structured elements generated by
recursive decomposition.

For every System state S(t) admitted to the decomposition process, there exists
a finite recursive decomposition of depth n. (73)

such that:

D(S(t) = {s:"(t)}

the System imposes that the Decomposition Function ® at time t increases the

informational dispersion of the semantic payload of the Global Information I¢

as the latter increases.

Given the Local Density py, Global Density ps, Composite Density pc,
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The System adapts the Decomposition according to a Model that produces an
increasing distribution of Information, with a progressive reduction of py, pg,
pc, and therefore of the weight of Local Information over Global Information.

That is, if the nodal information grows, the System is forced to increase the
depth of the decomposition for successive levels as the number of Fragments
increases, reducing the portion represented by each.

In summary:

The System imposes a Recursive Decomposition Constraint such that for each
increase in both the Nodal Information In and the Global Information Ig, the

relative share of Information accessible through the terminal Fragments is
reduced such that,

pn(t) < ey and pg(t) < €6

with

&N, Ec S (OI 1]

thus

if the terminal fragment size does not increase proportionally with the nodal or
global information domain, then an increase in |y or I produces a relative
decrease in fragment density:

In(t2) > In(t1) = pn(t2) < palta),

and
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ls(t2) > ls(t1) = pelt2) < pa(ts),

under the condition that the corresponding terminal fragment information
does not grow proportionally.

If pC /]\I

therefore formally

pc(N;, t) > ec = Depth(N;, t + 1) > Depth(N, t) (74)

where €y, € constitute two threshold coefficients, for py and for pg, t1 and t2
represent two different time instants such that t1 < t2, and

Depth (N, t) € N,

- Depth(N, t) is the maximum depth reached by node N; at time t,
- N; =5i(0) is the Node, i.e., the structured Element of nodal level 0, as defined
in chapter 5.1;

therefore,

Depth corresponds to the number of levels of the Recursive Decomposition
applied by the System at time t in the Node i.

The System imposes that as nodal information increases, the fragmentary
information density with respect to the node decreases below a coefficient €y;
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The System imposes that as Global information increases, the fragmentary
information density with respect to the Global System decreases below a

coefficient €.

In summary, the increasing Adaptive Decomposition therefore responds
directly to the Composite Density, and indirectly to the Local and Global
Densities, according to the following formulation:

The adaptive objective of the System is therefore:

Depth(N; t) ™ = pc(N, t) 4,

provided that the additional decomposition effectively reduces the
informational weight of terminal fragments relative to the nodal and global

domains.

In fact, it is easy to demonstrate experimentally that the Densities py, ps, and
pc progressively decrease as the System increases its Global and Nodal
Information Level, regardless of any active interventions by the System itself.

This happens naturally, because Information Density is by definition a measure
of a ratio, where the reference densities Is and Iy are in the denominator:

In other words, if the size of the Information I at time t remains unchanged,
while that of the Global Information I or Nodal Information Iy increases, each
Fragment F containing the Information |;, remaining of the same size, will have
a smaller weight on the reference Information.
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The effect will be a reduction in Density and therefore a Dispersion of
Information, even without active interventions on the Fragments.

The size of each Terminal Fragment, which corresponds to the Fragmental
Information I;, is determined by the number of Fragments imposed by the
System, because the greater the fragmentation depth, the smaller the size of
the Terminal Fragments will necessarily be and therefore the smaller the
relative contribution of Iz Information.

This behavior is a problem, because instead of forcing the Decomposition to
successive levels, it stabilizes it.

after applying the decomposition we will have instead

Depth(N;, t) T = pc(t +1) < pc(N,, t),

pc(N;, t) > ec = Depth(N;, t+1) > Depth(N, t).

The Condition “pc(N;, t) > €.” then becomes the Internal input to the System

which triggers further levels of Decomposition until the following effect is
obtained:

Depth(Ni, t+ 1) > Depth(N,, t) = pC(Ni; t+ 1) < pC(Ni, t)

But the Condition “p¢(N;, t) > €c” is not easily verified experimentally because
the growth of the I; Information for a single Fragment does not follow that of
the Information of the Whole System.

This happens because each Fragment remains isolated after decomposition,
and while the System continues to expand into new nodes, the Fragments
already emitted remain stationary.
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Even when the decomposition depth is forced, the effect is an uncontrolled
drop in the Local Density level, such that further fragmentation is increasingly
difficult.

In Chapter 10, new control coefficients will be introduced to address the

problem.

We can therefore conclude that the densities py, ps, and pc constitute a
measurement tool internal to the System, usable in implementation, rather
than a set of control parameters.

Let's look at the number of Fragments in detail.
Let

Fragments € IN,
and recalling that Ni := s/©,

with Fragments(N;, t) =y (In(t), p(N;, 1)),

where

y is a Monotone Function increasing with respect to information complexity,
or rather Fragments(N;, t) = |{s{"(t)}], that is,

Fragments(N,, t) = | EPerNitl(t) |

where

Fragments(N;, t) corresponds to the number of Terminal Fragments generated
by the Adaptive Decomposition process at time t in Node N;,

with

- E“(t) which constitutes the set of Fragments of Node N; at level d;

- Depth(N, t), the maximum depth of Node N;,

- the modulus | - |, the cardinality,

and
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Fragments(t) is the total number of terminal Fragments of the System at time t,
i.e.

Fragments(t) = 2; Fragments(N,, t),

therefore the sum of the number of terminal Fragments of each Node,

such that

| Ter(t)| = Fragments(t) (75)
therefore,

Ter(t)= U, g (t) (76)

the Decomposition applied to the Node must depend not only on the internal
Information Breadth, but also on its relative Information weight with respect to
the Global System.

So the level of Decomposition is a direct function of the Composite Density
measure, which depends on the Local and Global Density Values, such that

pc(N;, t) < ec (77)

where

ec € (0, 1]

The System must force the Depth of Information Decomposition to
maintain Dispersion and reduce Information Density.

This happens when the Composite Density pc increases, because it
means that the Terminal Fragment weighs too much compared to the
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node/Global. Therefore, the System is forced to increase the
Decomposition Depth to reduce that density and preserve the
Structure.

Therefore,

Depth(Nil t) = f(pC(Nil t))l (78)
with f being a composite Density Function, and

pC(Ni, t) = g(lp(t), IN(t)r IG(t)) ’
where g denotes a monotonically increasing function with respect to the need
to reduce the density defined in equation (68),

Under non-trivial additional decomposition, the verifier-accessible knowledge
does not increase, and typically decreases:

KVF, new ﬁ KVF, old,

with strict reduction

KVF, new 5‘: KVF,oId

whenever the new decomposition strictly reduces the verifier-visible
operational view, and
Kve(t) & Ke(t) & Ka(t) (79)

The Decomposition grows monotonically with respect to both Iy and

lG.
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Since every System state admitted to the decomposition process has a finite
decomposition of Depth n,

the Decomposition level requires a sufficient number of External Verifiers to
execute the terminal verification tasks generated by the System.

Therefore:

| Ve ®®"*%(t) | > | Fragments(t)]. (80)

This means that the System requires a sufficient number of verifiers to sustain
the imposed level of decomposition D.

The number of verifiers is therefore an operational feasibility condition of the
decomposition process, not the theoretical source of decomposition itself.

In other words, the System does not define decomposition as a function of the
currently available verifiers. Rather, it determines the required decomposition
level from information-density constraints, and then requires a sufficient
verifier set to execute the resulting terminal tasks.

where

o | Vex™@™(t) |, set of Verifiers required at time t

¢ p., Composite Density

+ €, the fragmentation coefficient
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This is because Decomposition is an Epistemic Property of the System, not an
accidental dependence on the Number of Verifiers available at time t.

In other words, the System does not depend on the number of Verifiers, but
manages it and requires it as a Preliminary Condition.

Let's clarify that within the System, the Verifier is not the User.

9.3 Axiom llI

The Validity of the System cannot be reduced to the Validity of the Individual
Structured Elements that constitute it.

Valid(S(t)) = Veiobai(S(t)) = TRUE, (81)

with

S(t) := (E(t), R(t), C),

and

Veional(S(t)) = f(E(t), R(t), C). (82)

At the terminal level, assume that all terminal structured elements are locally
valid, namely:

Vs € EM(t), (Vi (s™(t))) = 1.

Even under this condition, it does not follow that the Global State is valid.
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Therefore, Global Validity is not equivalent to the conjunction of all Local
Validity conditions:

Vaiobal(S(t) # A inim ey T(Viocallsi™(t))). (83)
More precisely, Axiom Ill asserts that there may exist a State S(t) such that:
[Vs™ € EM(t), m(Viocals™(1) = 1]

and yet

Vaiobal(S(t)) = FALSE.

This happens because the Validity of the State depends not only on the Local
Verification of its terminal elements, but also on the relational structure R and
on the invariant constraints C.

Therefore:
Veioal(S(t)) = TRUE & [Vs™ € E™(t), u(Vieea(si™(t))) = 1] A
[Vk € {0, ..., n-1}, Consistent(R¥(t)) A (V¢ € CY, ¢(S¥(t)) = TRUE)]. (84)

This Axiom is extremely important for ensuring Global Structural Coherence,
because without this invariant specification, the System would become
structurally inconsistent: successive Local Verification aggregation conditions
would be sufficient to obtain a Valid State, without imposing a Global
Coherence Check at higher levels.
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In other words, the System is structural and does not exhibit merely
aggregative properties across different Verification Levels.

Therefore, Validity is an emergent Property, not a simple sum.

R and C are essential for the State Definition.

In summary:

Global Validity cannot be reduced to Local Validity. (85)

Verification of the System's State depends not only on the Individual
Structured Elements, but also on the Consistency of Relations and compliance

with Invariant Constraints.

In conclusion, Axiom Il establishes that in a CNVS System, Global Validity must
also depend on Relations and Invariants, not just on the Structured Elements.

Therefore:
Vaiobal(S(t)) # As_inm) € enn)y T[1(VLocaI(si(n)(t)))r
because the Verification of a State, on which its Validity depends, is not only

the derivation of the aggregation of the Verifications of the Individual Elements
that constitute it.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



10. Information Restriction Principle

Introduction

Since the decomposition depth does not respond directly to the information,
but responds to the resulting information density, the relationship is:

pc(t) < €,

therefore, as Recursive Depth, Information Dispersion, and Adaptive
Fragmentation increase, the relative share of Locally accessible Information
progressively approaches zero with respect to the Node and the Global System.
In Chapter 7, the problem of the difficulty of managing Fragmentation if
controlled directly through Composite Density was raised.

The proposed solution is to control the Decomposition Depth under the
reciprocal of p¢, using an expected-average control approximation over Nodes
and Fragments, without assuming that the actual decomposition is uniform:

1/ (pc(t) * N(t)*-"),

where N(t) denotes the number of active internal nodes at time t.

We assume N(t) > 1 for every non-empty admissible System state. Equivalently,
in implementations one may use N*(t) = max(1, N(t)) to avoid degeneracy at
initialization.

A complete formal definition of N(t) is given later in this same chapter.

Furthermore, considering that the growth of I must also be able to take
control of it, we have:
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log, (1 + (lg)).
The two relations can be operationally extended by introducing the

Fragmentation Intensity Coefficient A and the reference Information Unit I,
resulting in the following Fragmentation Function defined:

Let§ € =

denote the random outcome governing the stochastic decomposition and
allocation process,

Fragments(t) =
|Ter(t, €) = [N - [1/ (pc(t) - (N(1)*")) ]+ loga(1 + (Is(t) + In(t))/ 10)]] (86)

where
AeRRand lb€ IR, N€IN

such that

A, constitutes a Fragmentation Intensity Coefficient;

pc, the Composite Density understood as a weighted geometric mean;

N(t) represents the total number of active internal nodes already present in

the System at time t.
With

E(t) = Eint(t) U Eterm(t);
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where E;«(t) denotes the set of internal structural nodes and Em(t) denotes
the set of terminal fragments, we define:

N(t) = |[En(t)], i.e., at time t

By, a Protocol Parameter;

lo, a reference information threshold, indicating the interval in bits for each
increase of +1 fragment, i.e., a positive reference unit of information that
determines the scale at which increases in Global information trigger further
fragmentation. Its value is defined by the implementation;

ls(t), In(t) already defined previously,

all at time t.

With the formula in (86) the imposition of growth of the number of Fragments
does not depend only on the number of initial Nodes, therefore on their
variation, but also on the growth of the Global Information Is, and evidently on
the Nodal Information Iy independent of how it is distributed in the successive
nodes.

The System or Implementation may provide for a variation of the various
coefficients, including A, to manage the efficiency of fragmentation.
The tables at the end of this document show concrete examples.

Definition
Let

Kve(V;)

the Knowledge accessible to the External Verifier vj at time t
and lets
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IF(t)I IN(t)I IG(t)

Fragmental Information, Nodal Information, and Global Information,

respectively,

Recalling
Lo(t) = I(S(t)),
Ko(t) = ls(t),

and the System follows the Imposition to the Increasing Depth of
Decomposition n, the formulation

Fragments (t) = Fi(t) = [A - [1/ (ec - (N(1)*-"))]- loga(1 + (Is(t) + In(t))/ lo)]]
When the System computes the required number of fragments with respect to
the admissible target threshold, the current density term pc(t) may be replaced
by the protocol threshold €. In that case, the formula expresses the minimum

fragmentation intensity required to keep the composite density below the

admissible bound.
Therefore, where
F{t)eIN>1

with

A = BT

le ™, W = FA

IO\]/ = FX/]\
N(t)T = Fol
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and then  Ky(t){

It follows that:
The System, through its invariants, imposes a Distribution of Information such

that the Local Knowledge K; accessible to each External Verifier vj is

structurally insufficient for the reconstruction of the Nodal Information and the

Global Information.

Since the fragmentation function F,(t) is itself an increasing function of the
global information Is(t), the growth of the System automatically induces
additional decomposition whenever the informational complexity increases.

Consequently, the reduction of verifier-accessible knowledge is not a passive
consequence of scale, but an active structural response imposed by the
protocol.

Therefore, under the imposed density constraint pc < g, the relative
informational significance of local verifier knowledge decreases as the System
grows, yielding an asymptotic form of epistemic restriction,

such that:

lim ks [Kue(t) [/ [16(t)] =0,

The asymptotic restriction of local knowledge is not assumed independently. It
follows from the density-control mechanism introduced in Axiom Il, where
increases in global informational complexity trigger additional decomposition
whenever the composite density approaches the admissible threshold «c.

Therefore, the Knowledge Restriction Principle becomes a Structural Condition
of the entire System.
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Still, formally:

Kue(t) #  In(t) (87)
and
Kue(t) #  ls(t) (88)

Local Knowledge Kyr does not contain, allow, or imply the information
reconstruction of the Node or the Global System.
In Detail, given the Adaptive Decomposition

D(S(t)) = {s"(t)}

and the progressive reduction of densities

pN ;pG; pC;

with

pn(t) = [1e(t) |/ [In(t)]

pe(t) = [1H(t)]/ [ls(t)]

pc=(le/In)* * (lF/le)B‘p

a, B, € [0, 1]

with a + B, =1, established that t2 > t1,

and after the Application of the adaptive fragmentation function
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YV 2 > 11, [\(t2) > In(t1) = pa(t2) < pn(tl)

and

YV t2 > 11, 15(t2) > I5(t1) = ps(t2) < ps(tl)

from the application of the imposed Axioms it emerges

Te(t) = [1:"™(t) |/ Fult)

(in expectation over the stochastic fragmentation process)

where

|h(n)(t)

constituting the decomposition-level information I,(n) of all the Fragments that
make up the same level at time t, but not the level preceding it, and K, its
decomposition-level knowledge, we have that

V)] =3 [1(si™(t)] e K'"(t) < 1"(t),

with

IF(t) = TF(t),

where I; denotes the expected average fragmental information size,

which constitutes the average size of fragmented information, since we have

assumed that they are not uniform among themselves,
the relationship therefore becomes
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(Pc, A, lo) = Fu(t) = 1e(t) = Kue(t)

and since

KVF(‘t) é IF(t)I

it turns out that:

liMeyyseo [Kue(t) [/ |In(t)| =0 (89)
and consequently,

lim £ pn(t)=0 (90)
Information limitation ultimately constitutes a form of structural insufficiency
of Local Knowledge with respect to the Global complexity of the System, such
that the complete informational reconstruction of the Fragment, of all the
levels preceding it, and of the Global one, remains an emergent property

exclusive to the System.
The Principle of Information Restriction therefore becomes an Epistemic

Property deriving from the Application of the Axioms.

Formally, since

D(S(t) = f(Fu(t)) = flpc(t), A, lo, N(t))

we conclude that

Depth T = [Kue(t)| / [In(t)] - (91)
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The lower the allowable Composite Density, the greater the depth,
fragmentation, and information dispersion must be: that is, the System
increases the Decomposition to reduce the accessible Information Density,
based on the set Protocol Parameters, over which it has full control.

This implies that the reduction of Knowledge can be "regulated" within
the System as a Condition whose Threshold level depends on the
Coefficient €c and how this affects the imposed Value of pC and overall on
all the Protocol Parameters, including a, B,, and I,.

Let H(ly)
be the Information-theoretic Entropy of the nodal information, measured
in bits.

The Knowledge Restriction Principle requires that the Conditional Entropy
of the nodal information, given the fragmented knowledge Ky available to
a single verifier, remain close to the original Entropy:

H(INl KVF) = H(IN) (92)

Ideally, the information obtained about the complete Nodal State is
limited, and the Verifier's knowledge of the Fragment should not
significantly affect the Uncertainty across the entire Node, because the
verifier should learn virtually nothing about its overall content through
fine-grained fragmentation.

This can be expressed using Mutual Information:

I(KVF; IN) =0,

that is, each Verifier knows only a limited and increasingly smaller portion
of the overall Content, so we will have
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H('Nl Kve) = H(In) = 1{In; Kve)

H(ly), total Entropy of the node;

H(In| Kvf), residual Entropy after observing the fragment.

This means that access to a single Local fragment does not significantly
reduce the uncertainty about the complete nodal state, because the

System is designed to minimize the mutual information between the
verifier's Local knowledge and the complete nodal state.

11. Operational Flow

In this chapter, we will describe the System's operational flow. After illustrating
the procedure used by the System to fragment the I Information and obtain
the final decomposition depth, we will describe in detail how the semantic
information is distributed from I to the final levels: that is, we will see how the
system constructs the acquired Information Graph for the Object.

In the first phase, the User identifies the Object O,.
Recalling:

Ox = 1(0,) > 1(0,) = E(t),

0, > 1(0,) = T(0,) > E(t) > E™(t) > s > I(s),
O, 1(0,) > 1(0,) = E(t) > E™(t) > s > Viocal(si™) > P = Vigiopa"(S™ (1)),
0,~ 1(0,) > 1(0,) > E(t) > E(n)(t) > s> Vlocal(si(n)) > P> Vglobal(n-l)(s(n-l)(t)) ..... - VGIobaI(O)(S(O)(t)) -> VGIobaI(S((t))

The Object is introduced into the System in the form of a Verification instance
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translated according to a binary representation, to define the components of
the Structural Universe B from which the System constructs the candidate
structured state.

This phase constitutes a delicate moment because the constitution of the
Object Structure in binary representation, starting from the User's request, will
define the characteristics of all the specificities of the Object on which the
subsequent comparison will depend.

In this sense, an inadequate representation of the Object's specific
characteristics due to a lack of detail could lead to the Object's exclusion from
the System's admitted Existence scope following the application of the
verification process.

This eventuality is entirely legitimate and allows us to conclude that the Object
is admitted into the System if and only if it exists in all the specific
characteristics described in detail by the User, according to their needs.

The System, in fact, responds to the User's needs and adapts to their request.
To be clear, a poorly detailed User request would certainly lead to a conclusion
that is inconsistent, but not necessarily weak, as for that User, a "rough" and
poorly detailed assessment might suffice.

Let's take an example.

If we introduce into the System an instance to verify the existence of the
Object "the gold bar exists in cav. number 17," without specifying any further
details, the System could simply verify the existence of the Object "gold bar" in
the environment "cav. number 17," without further specifications.

In this sense, the User's request could be granted a favorable response,
without necessarily implying System Failure, since the request is very generic
and the System simply needs to verify the Object in the form presented by the
User: "a gold bar," without any specification of weight, purity, shape, size, state
of preservation, and so on.

And this might already be sufficient for the User.

The System would therefore simply validate the Existence of a generic "gold

ingot" without further details, and would admit it into its Field of Existence if
the verification procedures returned a 1.
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This means that the more detailed the description of the Object's specific
characteristics in the instance requested by the User, the more thorough the
verification structured by the System will be, which will be able to impose
more rigorous checks on all the details relating to the specific characteristics
described in the request.

Returning to the example above, if we introduce the following verification
instance into the System, "the gold ingot Object, weighing 122.3 grams, with a
purity of 99.5%, density of 19.3 g/cm?, cubic in shape, with sides measuring 1.9
cm in length, exists in vault number 17. It is stored isolated, in a controlled
environment," it is clear that the System's verification will be more detailed.

In this sense, verifying the Existence of a generic "gold ingot" will not be
sufficient; all the specific characteristics described in detail will be sought.

The System, for example, could reject the Status of Existence because the
verification procedures would reveal: "the gold ingot weighing 122.3 grams,
with a purity of 91.2%, a density of 18.2 g/cm?, cubic in shape, with sides
measuring 2.3 cm in length, exists in vault number 17. It is stored in a non-
isolated, poorly controlled environment".

An Object Exists in the System if and only if the specific characteristics
described by the User are fully matched.

Translating the description provided by the User into binary representation
constitutes another delicate phase.

For some Objects, it would theoretically be possible to upload documents to
the IT devices that use the CNVS System, such as a court ruling or a user
manual for a device whose functionality and technical specifications you wish
to verify; in other cases, this phase could be more complex.

However, as we have observed, the complexity of the introduction phase does
not invalidate the conclusions reached by the System.
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Schematically, we have:

Object <:| User

Request for detailed Encoding the

verification of the request into a
characteristics defining binary

the Object’s existence representation

The Object does
not exist

outcome

start of the verification
procedure

The Obiject
exist

The verification procedure for the random assignment of Global Information

follows a logical operational chain using a randomness function in several
steps.

The randomness function enters the System multiple times.

It initially enters during the Fragmentation phase of E(t), recalling
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E(t) € B,

with

Yo7 (Ids X Dg X Ats X Obsg* x P(P)),

so schematically we will have the following general operational flow

A3

COMPACT CHAIN " | SYMBOL LEGEND
Encode Struct D¢ De De A(sr s;:::::; : OI = real object
> > (0) (1) T (n) — : ;
2. E*t) — EY() — -+ — B0 =T(t,§) —— X](t) - P S
R i 1) ‘ \ ¢ ) E7t) = setof elements at level
Deterministic transformations Recursive random decompositior Random assignment 1)) = random decomposition operator
J T(t,€) = setof terminal fragments
: Xj(t) = fragment assigned to verifier v;
e 0 : i Obsi € Obs.. )
o Each element (including fragments) has the form: s = (0. (id, d, a, obs, p)) with s€ § and P e P(P) 3 = random outcome of the decomposition process

At this point, it remains to be clarified how the System imposes the division of
the granulation.

In Chapter 5, we saw the recursive property of fragmentation, and in Chapter
10, we introduced formula (86), which defines the number of terminal
Fragments that the System imposes to divide the information to be randomly
assigned to the External Verification Agents.

However, we have not yet seen how the fragmentation is divided.

In CNVS Systems, the solution is to impose the decomposition starting from the
Origin, so as to create multiple initial Level 0 Nodes, thus preventing all the
information from being traced back to a single Node.
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Subsequently, further levels of subdivision are imposed, with a minimum of at
least 4 levels.

The solution must take into account the need for the terminal Fragments to
retain a logical sense, because a recursive subdivision that destroys the
semantic content would become useless.

For this reason, the System starts from the last level, the terminal level n or
Fragments(t).

From that level, it reconstructs the entire tree in an ascending direction,
progressively assembling the terminal Fragments.

During ascending reassembly, the semantic content of D; does not need to
become directly readable at every intermediate level. What matters is that the
relational dependencies required for reconstruction are preserved within the
structured representation I, through I etagata and R(t).

In this way, the semantic payload may remain cryptic or non-operationally
exposed during intermediate aggregation steps, while structural coherence
remains available to the System.

Formally, we will have

Ter(t, £) > E"U(t, &) > - > E91).
Calling,

S(t) = (E¥(t), R¥(t), C¥),

2" .1 f=Fragments(t)
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f,> f formostk<n

e with n > 4.

therefore |Ter(t, )| = Fragments(t) (93)

This operationally biases the decomposition flow toward the terminal level,
while the actual cardinality of the terminal level remains defined by | Ter(t, €) |
= Fragments(t).

To manage the distribution flow, the proposed solution is to introduce a new
parameter: 0.

This parameter guides the distribution of Fragments(t) in an ascending
direction.

The ideal values it can assume range from 0.20 to 0.25 for the central levels up
to the first Node and range from 0.25 to 0.30 at the terminal level n, thus
ensuring the maximum number of Fragments at the last level, which is the

useful one.

Formally, we will have

Fragments(t) := |Ter(t, §)]

where Ter(t, €) is the set of terminal Fragments generated by the random
decomposition process.

Let

0(§) = (64(€), Ba(S), ..., Bn(§))

with
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ek S (OI 1);

Z” k=1 Gk =1.

The System generates the random sequence of allocations:

(fll fZ/ seey fn)

such that

2" -1 i = Fragments(t)

with

f = 6¢(€) Fragments(t)

where

ek € [emin; emax]

emin; emax € (OI 1)

with

emin < emax

and for the terminal level it could be

Omin = 0.25
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Omax = 0.30

therefore

B € [0.20,0.25] for 1<k<n

6, € [0.25, 0.30].

The intervals [0.20,0.25] and [0.25,0.30] are indicative operational ranges for
implementations with a small finite depth, typically n=4 or n=5.
For larger depths, the admissible range of 8 must be renormalized so that

Zn k=1 Gk =1.

Combining the two formulas,

Let Layer¢: IN - IN"

Layere (Fragments(t)) = (La(t), Lao(t), ..., La(t)),

where Layer; depends on the random outcome § through the flow vector 6(§)

therefore

L(t) = |6.(€) - Fragments(t)| for k<n
L.(t) = Fragments(t) - 2"" 1 Li(t)
with

2" 1 L(t) = Fragments(t).
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The vector Layer; does not define the actual cardinality of each decomposition
level. The terminal level remains defined by:

| Ter(t, €)| = |E™(t, §)| = Fragments(t).

Rather, Layer; defines an auxiliary operational distribution vector used to guide
the ascending organization, aggregation, or branching-budget of the recursive
decomposition process.

Thus,

Layer¢(Fragments(t)) = (Li(t), Lo(t), ...., La(t))

with

2"-1; Li(t) = Fragments(t)

should be understood as a control allocation over the decomposition flow, not
as the assertion that each level E™(t) has cardinality L(t).
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1. TOTAL NUMBER OF TERMINAL FRAGMENTS ‘

Fragments(t) = | Ter (t,¢) |

Formula 86 determines the total number
of required terminal fragments, not their
distribution.

2. FLOW VECTOR ) (RANDOM)
0=(61,02,...,6n)
Z;::l 6r=1

* Ox €[0.20,0.25] for 1<k<n
* On €[0.25,0.30] (terminal level)

v

3. LAYER FUNCTION
Layere : Fragments(t) — N"
Layer . (Fragments(t)) = (f1, fa, ..., fa)
with
i = 106(8) - Fragments(t)] for k <n
fn = Fragments(t) - Y p—1 fi

v

4. PROPERTIES
Z;::l fr. = Fragments(t)

fn> fi  (typically)

Schematically we will have

Level 0
(root)

Level 1

Level 2

Leveln — 1

Level n
(TERMINAL)

FRAGMENTATION: FINAL DISTRIBUTION IN THE TREE

tree

1. Formula (71)

computes

Fragments(t)

PROCESS SUMMARY
2. The system 3. Layer,, 4. The decomposition tree |
P generates randomly = distributes Fragments(t) =p i built with f, terminal
6 across the levels fragments
(f1s a5+ 5 fn)

Recursive decomposition

Fragments
per level

fi

A
b

LEGEND

Node at level 1

Node at level n — 1

Terminal fragment

()
@ Node at level 2
()
0

(level n)

[ NOTE: Decomposition acts on structured elements s; € E(t). Relations R are preserved and reconstructed through metadata and parent-child maps.

The System Operational Flow can therefore be schematized as follows
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CNVS - SIMPLIFIED CHAIN: FROM OBJECT TO FINAL FRAGMENTATION

S 2 o B i .
1. REAL OBJECT 2. BINARY ENCODING 3. STRUCTURING 4. RANDOM DECOMPOSITION ! 5. RECURSIVE LEVELS 6. TERMINAL FRAGMENTS | 7. RANDOM ASSIGNMENT
(LEVEL 0) (LEVEL 1) | | *) (LEVEL n) TO VERIFIERS
0, I, = Encode(0,) 0 E™(t)
3 y : EO() = Struct(1,) EO() || B ) = T(t,¢) K0T
|
(f\o& AN EEEES ‘x"l """ > 8
D, A ¢ D,
01010110 11010011 ; : Dy | el | pmmmm & SR
11011010 01101001 -» ﬁg P ™ & f g > anenn .
11001010 10110110 " ‘ﬂ;& &8 'SEEE ‘ :
R IR I R e—
; Random set of
Object, event or Finite binary Set of initial Each element of E( Recursive decomposition i The system randomly
statement to be representation structured elements is randomly decomposed ® |extracts a fragment X(;(t)
verified of the object ©) using the operator Dy, k=12,...,n-1 T(tv E) = {sij } and Essigns it
s’ €8 ) verifier v;
with L €S
J \ / \— 7 \ il
COMPACT CHAIN EIMEoeao
0, = real object
Assignment
Encode Struct Q D, O Dy Dy ) (random) I = encoded information
0, I; EO@F) — EO(@) — ... — BN =T(¢,§) Xj(t) = v E®(t) = setof elements at level k
D, = random decomposition operator
. Tl Pt )
X ¥ T(t, &) = setof terminal fragments
Deterministic transformations Recursive random decomposition Random assignment X,-(t) = fragment assigned to verifier v;
¢ = random outcome of the decomposition process
0 Each element (including fragments) has the form:  § = (0. (id, d, a, obs, p)) with s € § and P, € P(P)

taking into account the distribution of the terminal Fragments as set out in the

previous diagram.
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Schematically, the randomness function guides the entire process by
intervening in 3 points:

o RANDOMNESS POINT - DECOMPOSITION 9 RANDOMNESS POINT - PARTITIONING OF TERMINAL FRAGMENTS 0 RANDOMNESS POINT - ASSIGNMENT TO VERIFIERS
Operator T);, applies a random decomposition strategy The total number of terminal fragments F},; is determined by the formula: ~ Level 0 | | Terminal fragments are randomly assigned to verifiers.
to each structured element. s Sy 7 :
F = | Ter (t,6)| i el t ‘ .
i i\ i : =N
Dy = Puls) s 44 , KO € Ter (t.6)> v
/ The system randomly partitions Fj, across the graph e s x poay [:I
Elus é (levels and branches) using flow parameters. ‘f E Effects: :
+ The number of children of each node is random. ‘ 00 ¢ + Each verifier receives a random subset of fragments. *
+ The structure (branching factor and depth) is random. 0 flow € [020025] (intermedate levels) T /0L Leveln ||y Load distribution is random. ‘ ceasi) .
: e ; (terminal) . : y
+ The content of fragments is random (within constraints). eterm € [025’030] (terminl leve]) S0000 BRED The order of assignment is random.
74\ S [ -
P £ B e
o KEY NOTE: Randomness in CNVS is controlled by the random outcome £. o ,
" Allrandomness points are constrained to ensure reconstructability, relation preservation and semantic consistency. i e == ==% Random process (depends on {)

The diagram clearly shows the causal relationships.
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The following diagram shows the role of the External Verification Agent and

the Vi and Vgiopat Functions in the operational flow

VERIFIERS IN CNVS: TERMINAL LOCAL CONVERGENCE AND INTERNAL GLOBAL CONSISTENCY

The CNVS System assigns each terminal fragment to an External Verification Agent v;. Each verifier produces Obsi; the System applies VLocal only at the terminal level.
VGlobal is an internal System-level verification function: VGlobal®(S*)(t)) = VGlobal(S(t)).

1. TERMINAL
FRAGMENTS

2. VERIFIER v;
(TERMINAL LEVEL)

3. LOCAL CONVERGENCE VERIFICATION VLocal

4. REPORT SUBMITTED
TO THE SYSTEM

5. INTERNAL GLOBAL
VERIFICATION FUNCTION

) ACCEPT 1
Each_ verifier v; reports Obsi. The System ool Varifiet s sena] A ’
Final fragments . applies VLocal at level n: - = VGlobal
Ter(t.§) = {si”} . 1. Formal/syntactic admissibility o ’ &
A 2. Metadata and assignment consistency performed intemnally by the System
assigned to = P * VLocal output
ven‘gﬁers a w} Vi — 3. Attribute-dependent convergence > s
4. ConviAtu(D:. Obsi) REJECT * Local summary Global functions:
Receives a terminal fokconsmes) -
. . . . subset 5, & Ter(t.E) * Metadata Applies VGlobal*(5*(t))
c . i o
Outcome: i G (ACCEPTIREJECT) Checks relational consistency R
. . . . . . a 1 N + Checks invariants C*
. . . . ACCEPT: terminal convergence achieved S8 grment
* Detects anomalies/conflicts
. . . 5 - + Issues FINAL DECISION
e o 0 0 @ REJECT: inconsistencies detected — <
LOCAL VERIFICATION: VLocal (terminal; System check using Obsi from vj) GLOBAL VERIFICATION: VGlobal (internal System-level consistency) OUTCOMES
Input Verification operations Output Input Global operations Output ;‘;I;OB]ALL"ACCP‘EPT(
ate global conerent.
* Formal /syntactic validation o from System « V6lobal*(S*(t)) for 0ken 9 y
V4 P GLOBAL The reconstructed structureis
S, C Ter(t,§) + Metadata consistency Cconverged) 1 + Relational consistency R ACCEPT consistent with R. C. and terminal syma
n-1),
* Attribute convergence § _ (® * Invariant satisfaction C**/
EEEE -, »| ) ; >
* Redundancy & integrity i e Smtt) * Reconstruction consistency GLOBAL
+ Viocal (s) ¢ s REJECT [Z] GLOBAL REJECT
. State not globally coherent.
VGlobal may trigger:
Data convergence test Internal global consistency test « request for new Obs.
* reassignment of terminal fragments
VLocal checks ConviAti(Di, Obs) A Form(idi,DiAt;,0bsi). VGlobal verifies that reconstructed partial states satisfy R’ and C*' up to S(t). so— additional decomposition if needed
SYMBOL LEGEND KEY PRINCIPLES
Ter(t,£) = set of terminal fragments VLocal = terminal local convergence function + Each verifier produces localized observational input Obsi for terminal fragments only.
s = terminal fragment VGlobal®! = internal global function at level k + VLocal is necessary but not sufficient for global validity. ITERATIVE
v ~ Extemal Verfication Agent Swt) - partial reconstructed tate * VGlobal is internal to the System and applies to S*®/(t), not to External Verification Agents. VERIFICAT)
- - CYCLE
* No External Verification Agent participates in recursive global reconstruction.
Obs, = observation reported by verifier ~ S(t) = global State gentp P g

* The process iterates until VGlobal(S(t)) returns ACCEPT or REJECT.

C

Vsiobal IS @ System-level Verification Function, not an External Verification Agent.

The terminal level is level n, whose cardinality is Fragments(t)
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In Synthesis, It is important to clarify that the CNVS System does not require
the continuous semantic reconstruction of the Global Information I in order to

operate coherently.

The System does not reason directly on the complete semantic payload of the
fragmented Information, but rather on its structured relational
representation I, preserving the logical dependencies among terminal
Fragments through the relational structure R(t), the invariant set C, the Local
Verification outputs, and the metadata required for structural consistency.

During the reconstruction process, the System does not necessarily reassemble
the complete semantic topology of the original Information. Instead, it
progressively evaluates relational coherence, invariant satisfaction, and
intermediate structural admissibility across decomposition levels.

In this sense, reconstruction is not primarily semantic, but structural and

relational.

The semantic payload remains progressively hidden during the intermediate
aggregation phases, while only the relational dependencies required for
coherent verification become operationally exposed.

Consequently, the System minimizes unnecessary semantic exposure during
the verification process, because the verification logic operates primarily on
structural consistency rather than on direct semantic accessibility of the
complete Global Information.

The External Verification Agent does not participate in this reconstructive
process. Its role is limited to the production of localized observational inputs
Obs;, which are subsequently processed internally by the System through the
Verification Functions.
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The CNVS System therefore does not require a continuously reconstructed
semantic global topology in order to preserve coherence, validity, and
operational consistency.

12. Discussion on Shannon Entropy

(nb. in this chapter, H(G) denotes the intrinsic information-theoretic Entropy of the global state, whereas Hn=log,(k!) denotes the
combinatorial uncertainty associated with fragment assignment

In this chapter, when the expression H_n = log,(n!) is used, n denotes the number of distinguishable terminal fragments involved in
the reconstruction problem, not the recursive decomposition depth.)

Formalizing the behavior of Shannon Entropy in CNVS Systems is a central
point of the theoretical development.

In this discussion, Shannon Entropy is used as an information-theoretic
measure of reconstruction uncertainty associated with the combinatorial
arrangement of Fragments, rather than as a direct measure of the semantic
content of the original Information itself.

The System Architecture is based on the premise that the progressive
reduction of the information content of the terminal I Fragments, according to
the Knowledge Restriction Principle, due to the information granulation of the
original Iz Information, makes its reconstruction increasingly difficult for the
External Agent.

In an extreme model, by repeating the fragmentation ad infinitum, the
information content of IF becomes completely devoid of meaning for the
External Agent, losing any accessible logical coherence from the External

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



Agent’s perspective.
An example might clarify the conceptual meaning.
Let's look at the Box below.

(

.

0 a
Ay =ng oy
) L o I
breakfast | m e 49
Tommy, the Author's E il y ™
Cat, eats bread for :> "'":'-- C f n=3
breakfast Cat : 5
the for t r
) 's . J {
; e
1 HHRE I bread I E il
a
A e
n=1 = t —-a""-
11 N ___f__.. k
= f
i e U

It seems clear that the sentence "Tommy, the Author's Cat, eats bread for
breakfast" makes logical sense to the External Agent: the Information begins
with a series of intuitive logical relationships that anticipate and facilitate its
reconstruction.

The situation on the left side of the Box appears quite clear: one enormous
fragment at Level 1, conceptually strong.

In the central section of the Box, we already see something interesting:
following the first informational granulation, the sentence's content is
decomposed, producing 9 Fragments at level 2.

On the right side of the Box, we see something even more interesting:
following the second informational granulation, the sentence's content
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becomes highly decomposed, producing 49 Fragments at level 3. At this level,
the message is no longer clear, but the semantic content of each individual
part still has meaning for the reader, even if it lacks any intuitive logical
relationship: they appear to be just scattered letters (T, o, ¢, |, z, etc.).

Let's continue our reasoning and see what happens at level 4, in the new Box

NN

CIH FFL T

mm..”

below:
@ i 0 [ - i I I N o [ e R
d 49 oo r : '
e |7 , a '
[ e M :| L T R N =
i |:> a ; R Yy
__:E ] N B2 [ LYoy
...E.- fa I[t—l — E :41 .

A

The result is a box containing a set of objects devoid of logical meaning, which
have even lost their semantic meaning.

The knowledge of an External Agent with level 4 Fragments will be even more
limited, because the absence of any logical and relational constraints between
them makes reconstruction extremely difficult.

If we were to continue the granulation process virtually infinitely, we would
obtain a fragmentation of the I information such that the Ir would become so
destructured as to make reconstruction increasingly technically difficult, to the
point of becoming virtually impossible in extreme cases.
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This example shows how the CNVS System, using the decomposition of the
source lg information, produces the effect of reducing the information content
of each individual fragment obtained I, such that the Iz content becomes a
function of the number of Fragments.

Approximating, we could say:

Kue(v, 1) 3 Ke(t) < 1e(t) = Te(t) = $(sy") = I/ n. (94)

In the ideal asymptotic model, the average fragmental information tends
toward zero as the number of fragments grows without bound. In applied
CNVS Systems, however, fragmentation is stopped at the operational lower
bound I, = lemin, because each terminal fragment must retain enough
information to support the assigned verification task.

(n.b. the value Igmin is defined as |, in other parts of this document and in
other documents linked to this one).

More clearly, the information content of I can be interpreted in terms of
progressive decomposition.

In an extreme CNVS System, beyond a certain information granularity
threshold (Semantic Limit, i Or Inin), the fragment loses its semantic, logical,
and relational meaning, and its exact reconstruction becomes possible only in
probabilistic terms.

In theoretical CNVS models, fragmentation is treated as an ideal asymptotic

process, in which the number of fragments can grow indefinitely as long as
each verifier retains the minimum information necessary to perform the
assigned task.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



In the application, it is not possible to reduce the Kys knowledge beyond the
limit of the External Verification Agent's understanding of the semantic
meaning of the content related to the System's request, because this would
make it impossible to perform the task assigned to the Verifier.

This limit is set in this document as Inin (= lemin).

In applied CNVS Systems, it is sufficient for the granulation to go beyond the
limit of Global knowledge of the Is and the Relations between I.

Once that limit is reached, in fact, the External Verification Agent will have no
ability to contextualize the data it holds, and it will be even more difficult for it
to understand the semantic Relations compared to | Fragments of the same
level, or worse, of higher levels, because in addition to being encrypted, the
Fragments are completely disconnected from each other, are non-uniform, and
are randomly distributed.

Virtually any Fragment could contain any part of the I, and any value of D; with
respect to At ..

The following discussion constitutes an approximation model, also with respect
to the actual value of Ky;.

As clearly emerged in the previous chapters, the External Verifier does not
possess the knowledge (K:) of the fragmented information (I¢), but only the
minimal information necessarily entrusted to him by the System to perform
the task of performing measurements and checks on the Object under
examination (Kye).

The External Verifier does not know the D; data, but can infer it from
measurements and direct access to the Object.

However, the data measured by him will not necessarily converge to the D;
value recorded by the User during the implementation of the Verification
Request.

And it is precisely the Verifier's blindness to this data that makes the System
robust.
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To develop the arguments that follow, the model assumes for simplicity that
the External Verifier's knowledge is attributable to the D; data relating to a
portion of the Fragmental Information.

Therefore, the discussion develops the arguments starting from the | data and
its general information content, with particular reference to D;, such that

10

Kve = ’

with |F(Di) - ||:,

and recalling I # I

The same approximation is also used in the development of the model relating
to the emergent security theorem.

Therefore formally,

|KVF(VJ) t)| 2 Imin (95)
||F(t)| 2 Imin;
with

| KVF(Vj, t) I < I IF(t) I .

Assuming that the reconstruction problem consists in identifying the correct
ordering of n distinguishable Fragments among all equally likely permutations,

and admitting the simplified model in which all the Fragments are standardized
to the same information size and are randomly distributed as desired by the
System, also admitting that all are encrypted and completely anonymous, the
probability of a successful random reconstruction is:
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p=1/n!

If I Decomposition is applied in cycles such that its content is progressively
fragmented twice at each cycle, the situation will be as follows:

after the first granulation cycle, we will have

| divided into two Fragments, each containing 1/2 of the original information.

Formally,

assuming

|1:(t) | = [1s(t)]|/ n, under uniform average fragmentation assumptions

therefore

[(t)| = [1s(t) |/ 2

with
p=1/(2*1)=0.5

If we apply 3 cycles, we will have:
[lea(t)| = [1s(t)]/ 2° with p = 1/ (8*7*6*5*4*3*2*1) = 1/ 40.320.

If we repeat the cycle 20 times, we will have:

lleao(t)| = [le(t)|/ 2% with p=1/(2%)],
generically,
[lem(t)] = [ls(t)[/ 2™ and pn=1/(27)!
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withm € IN,

m is the number of decomposition cycles.

It is clear that the probability of finding the right combination by relying solely
on chance becomes so low that the effort is completely useless.

Graphically, we can represent the relationship between the Knowledge of
Fragmental Information K¢(n) and the number of Fragments (n), with n > oo

Fragmental Information Knowledge k((n) as the Number of Fragments Increases

1.0
Definition:
ke(n) =1/ H(n) =1 / log,(n!)
0.8 Where H(n) = logy(n!) is the entropy
o of the permutations of n fragments.
b
=
S
=
i Properties:
3 8:6 1 e 0 < ke(n) <1
E . k(1) =1
£ e k¢(n) decreases monotonically
g . lim kf(n) =0
g 04 oo
)
£
S (NS (T
= | ple values: -
E f n=1 o k= 10000 | As n increases, the fragmental
0.2 - E n=5 o k; = 01447 | information knowledge k;(n) tends
| =10 = iy = 00450 | to zero.
F n=20 — ks = 0.0164 | lim kf(n):O
| =50 - k= 0.0034 | n—oo
[ n=100 — ks ~ 0.0009 | =
0,0 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Fragments (n fragments)

In this context, Shannon Entropy measures the uncertainty associated with the
reconstruction problem, namely the uncertainty of identifying the correct
configuration among all equiprobable permutations of the Fragments.

Therefore, in CNVS Systems, increasing Shannon Entropy does not imply an
increase in semantic Information, but an increase in the uncertainty and
combinatorial complexity associated with the exact reconstruction of the
fragmented Information.
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We calculate Shannon Entropy in a model in which we have 20 Fragments
arranged in a row and each recognizes a single successful combination among
all equally likely combinations.

Let p;= 1/ 20!,

let Shannon Entropy be

H(X) = -K 2".-; pi log: p;, (96)

N= 20!, K=1
replacing, H(X) = - Z;-; %" 1/ 20! log, (1/ 20!),
and since the term is the same for all combinations we will have

H(X) = -20!* 1/20! log, (1/ 20!),
H(X) = - log, (1/ 20!)

H(X) = log, (201)

H(X) = 61.08 bit.

By composing the 20 Fragments one at a time we will have

20%19*18%*..-*2*1

the correct probabilities at each step become

1/20*1/19*1/18*1/17*.... *1/2* 1/ 1.

then,
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p= 1/ 20!

the total information will be

| = -loga(p)

| = log,(20) + log,(19) + log,(18) + --- + log,(2) + log,(1)

| = log,(20!)

| = 61.08 bit,

In conclusion,

p(correct combination by chance) =1/ 20!

20! =2,432,902,008,176,640,000.

Therefore, by randomly choosing an arrangement of the 20 Fragments, the
probability of immediately obtaining the correct one is approximately:
4.11* 107"

that is, approximately 4.11 * 107% probability of guessing the correct
combination on the first try.

Examining the data from the Binary Information relating to the calculated
Uncertainty, we will have that to uniquely identify the correct arrangement
among all 20 possibilities, approximately 61 bits of combinatorial information
are required [1, 0].
61.08 bits correspond to 2% possibilities.

And in fact, 2°%% = 20! corresponds exactly to the number of permutations of

20 objects.

Let's try to extend the reasoning by gradually increasing the Decomposition up
to the limit +oo and see how the Entropy behaves.
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The number of possible combinations/permutations is:
N(n) = n!

If all are equally probable:

pi= 1/ n!;

substituting into the Shannon Entropy we have
H(X) = - 5, Vpi log, pi

H(X) =-2-."1/ n! Log, (1/ n!)

therefore

H(X) =-n! 1/ n! Log, (1/ n!), and simplifying
H(X) = - Log, (1/ n!),

H(X) = Log, (n!).

Let's calculate the limit

lim H(X)nse =lim,5. Log, (n!)

with n = oo, then log,(n!) > oo

lim H(X)nsee = +00 (97)

Since n! becomes a very large number, we perform the calculations using
Stirling's approximate formula, which was created specifically to handle these
special cases.

The formulais n! = Vv(2nn) * (n/e)"
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so we will have

H(n) = log, [V(2rmtn) * (n/ e)"]

H(n) =nlog,n—nlog, e + % log, (2rn) (98)

The dominant term is:

nlog, n

H(n) = +oo

the probability instead will be

p=1/nl

Therefore

liMpse Pn=limMpse 1/ 0! = 0

Therefore, as the number of Fragments grows without limit, the probability of
randomly guessing the correct combination approaches zero, while Entropy
approaches infinity, therefore the uncertainty associated with exact
reconstruction also diverges.
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Graphically,

Growth of entropy with the number of equiprobable fragments

700
—e— H(n) = log,(n!)
. Reference values:
n=5 - H= 6.91 bit
n=10 - H = 21.79 bit
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Asymptotic behavior (Stirling):
100y H(n) = logy(n!) =~ nlog, n—nlog, e + % log,(2mn)
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Number of fragments n

Therefore, in an ideal CNV'S model, increasing fragmentation causes the fragmental information
Ix(n) to decrease, while the Entropy associated with the reconstruction problem increases. However,

the System cannot pursue infinite fragmentation as an absolute objective, because below a certain

operational threshold the fragment would no longer preserve the minimum information required for

verification. The implementation must therefore identify an optimal threshold n*, as a function of

the source information Ig, at which reconstruction uncertainty is maximized while fragmental

information remains operationally usable.

Concluding,

IF(n) 2 IFmin

with Ignin denotes the minimum amount of fragmental information required for

the fragment to remain operationally usable for verification
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and with the threshold value thus formalized:

n*= max{n| le(n) 2 lemin} . (99)

13. State Rejection

The System is designed to resist External Hacking and Authoritarian
Manipulation attempts, but there may be Situations, discussed in a separate
document, that cause integrity failure.

These Situations can occur when certain Conditions that the System deems
essential for its very survival cease to exist.

These Conditions at time t include:

- Density can no longer be maintained;
- Verifiers failure;

- Depth does not increase sufficiently;
- pc exceeds the threshold €;

- pn exceeds the threshold €y;

- pc exceeds the threshold €.

The System also is rejected when the Internal Verification process is
determined by the External Verification process in such a way that it becomes:
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- predictable;
- manipulable;
- subject to collusion.

In all these cases, we will have:

the verification process ceases to satisfy the deterministic integrity
assumptions required for valid CNVS operation.

Formally:

Detintegrity(S, t) = 0 = Reject(S)

In these cases, Vsioba does not cease to be formally deterministic.
Rather, the deterministic integrity assumptions required for its valid
application cease to hold.

and therefore

S(t) g SvaIid

Detlntegrity(S; t) = 1

if and only if the verification process maintains:

e unpredictability of the assignment;

e non-manipulability;

e non-determination of the internal verification process by the external
verification agents;
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e absence of structurally dominant collusion.

In all cases Detinegrity(S, t) = 0, the System loses the right to be considered a
CNVS and becomes a Traditional System, because the Integrity of the
Verification Function is not a functionality, but a definitional requirement, such
that the System is not only violated, but becomes a different type of System.
The Integrity of Verification is not a functional requirement, but an necessary

precondition for membership.

It is worth noting that the State is rejected whenever a global invariant is
violated. As already established in the previous sections, even when the
fraction of compromised Verifiers exceeds the level that would ordinarily be
considered critical, unauthorized reconstruction may still be detected and
rejected if the colluding agents fail to acquire sufficient useful information to
exceed the reconstruction threshold t. In such cases, the System does not
authorize the transition from the Candidate State to the Existing State.

This occurs due to the colluding verification agents' residual global semantic
blindness with respect to the remaining portion of the System that they do not
control. This portion, being unpredictable due to the non-uniform distribution
of D; in the terminal Fragments, is limiting, depending on its utility or weight
w(D;) with respect to the global information I (where w(D;) denotes the
relative informational weight of D; with respect to |g, as discussed in the
following chapter).

The attacker will be unlikely to know the information content of the nodes he
doesn't control, and given the randomized non-uniform distribution of the

fragments, he won't be able to easily deduce it.

In this context, the Global Verification Function could easily highlight a
discrepancy in the value expected by Is or Iy during the intermediate
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reconstruction phases: the recomposition in the higher-level Nodes of the
Fragments controlled by the Attacker with the Fragments that he does not
control and of which he has no knowledge, will lead to impossible results,
violating the invariants of the System.

The CNVS System rejects the traditional consensus paradigm in which the
majority necessarily wins. If even a structurally critical portion of information,
relevant to a global invariant or to relational consistency, remains inconsistent
or outside adversarial control, the Vgpa function may fail and activate State
rejection according to the Global Veto Principle.

14. Limitations of the Theoretical Model

External Verifiers constitute a Membership Class, which is not necessarily
"human". Technically, External Verification can be entrusted to the use of
hardware devices supervised by human professionals, or it can be completely
automated.

This Document does not go into detail about the methods used to perform
External Verification, but it assumes that it is performed with Objective
Judgment, structuring a System that reduces the possibility of involuntary and
intentional errors through Fragmentation Control and the Reconstruction of
the Global Asset with its progressive implementation.

This is even more true considering that every External Verification is
permanently archived within the System, which preserves the Historical
Memory of each Individual Verification for each Individual Structured Element.
The ability to track the Unique Identifier of each External Verification, as well
as all individual steps within the System, makes an undetected violation
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structurally difficult and theoretically incompatible with the traceability
assumptions of the System.

External Verifiers can therefore be:

- Human auditors

- Automated verification modules
- Sensors

- Vaults

- Software agents

- Distributed modules.

Specifically, the sustainability of decomposition growth could become a long-
term problem.

If the value of Fragments(t) were to grow too rapidly, then the computational
cost would become difficult to offset.

At the same time, there could be issues with synchronization, latency, and
relationship management.

Systemic Complexity can be well summarized by reading the following
comparison table:

More fragmentation Less knowledge
less knowledge More emergent security
More fragmentation More Systemic complexity

The application model forces a natural compromise to be made with respect to
the conditions assumed by the theoretical model.

It should also be noted that not all Objects are equally suited to the CNVS
Class.

An Object whose information content can be decomposed deeply before losing
the minimum information Imi» Will certainly be a candidate with a profile that
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better meets the requirements allowed by the CNVS than an Object that is
poorly suited to a deep recursive decomposition.
Obviously, its semantic nature will be a key element.

To formulate this notion, we can say that

the Granularity of an Object corresponds to its ability to lend itself to recursive
decomposition without losing its semantic characteristics, even though it is
distributed into disconnected fragments with no explicit logical connection
visible to the External Verifier.

Formally,

The application model forces a natural compromise with respect to the
idealized conditions assumed by the theoretical framework.

It should also be noted that not all Objects are equally suitable for the CNVS
class.

An Object whose informational content can be deeply decomposed before
reaching the minimum semantic threshold I i, is naturally a better candidate
for CNVS architectures than an Object that poorly tolerates recursive
fragmentation.

Its semantic structure therefore becomes a fundamental factor.

To formalize this notion, define the Granularity Ratio of an Object as its ability
to support recursive decomposition while preserving the minimum semantic
conditions required for local verification, despite the distribution of
information into disconnected fragments with no explicit logical linkage.

Formally,
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let I = Granularity, T = Mmax/ Mmin, (100)

where

- Mmax represents the maximum number of terminal Fragments that can be
generated before the semantic information of each Fragment falls below l¢min;

- Mmin represents the minimum number of critical Fragments required to
achieve the target security condition and the practical loss of inferable logical
correlation between terminal Fragments.

Accordingly:

-If ' > 1, the Object exhibits high semantic granularity. The practical
architecture can approach the ideal asymptotic regime while preserving local
semantic admissibility, and emergent security stabilizes before reaching the
lrmin bOuNdary;

-If I = 1, the architecture operates near the semantic feasibility limit;

-If ' <1, the Object is not semantically compatible with the required security
configuration, and the CNVS instance becomes practically infeasible for that
semantic domain.
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15. The Emergent Security Theorem
15.1 Introduction

In the following discussion, we assume an approximation model in which the
External Verifier's knowledge is attributable to knowledge of the Terminal
Fragment and part of its content D..

This assumption makes the result even more robust, because in the non-
approximated CNVS model, the External Verifier has less information to
establish potential collusion.

The approximation therefore leads to an underestimation of the true security

potential of CNVSs based on the results shown.

In this document, the Security of a System is defined as the Property of the
System to resist attacks by Colluding External Agents attempting to violate it.
In this document, the term "Emergent" is used to indicate a Property of the
System that emerges as a consequence of its intrinsic structure and is
strengthened by its progressive adoption.

In this sense, the Emergent Security Theorem defines the Property of the
System to resist attack attempts by Colluding External Agents that share the I¢
Information assigned by the System with each other, in order to violate it.
The Theorem proposes an emergent Property such that the intention of the
Colluding Agents clashes with the growth of the System's Resistance to
violation with its progressive adoption and with the increase in the Is content
and therefore its complexity.

To understand the Theorem, we must use the tools that mathematics offers us.
Let's imagine a situation in which a number Nyag_agent Of Colluding External
Agents wants to breach the System at time t.
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15.2 Development

Let's imagine, as a conservative approximation, that each of them has access to
the share of Fragmental Information I¢(t) entrusted to them by the System, in
the form of Fragmental Knowledge K¢(t), and that they can decode the
operational content made available to them by the System. This assumption
intentionally overestimates the adversarial knowledge, because in the non-
approximated CNVS model the External Verifier has access only to the

restricted verifier-visible operational view.

At this point, the Probability of Breaching the System will depend on:

- the amount of Information I¢(t), in the form of Fragmental Knowledge Kg(t),
that each of them has;

- the random coherence of the individual shared Fragments: if Np.g agent External
Agents has "nearby" Fragments within the granular I Distribution, it is clear
that the reconstruction of the original Information will be more likely than in
the situation where External Agents share completely opposite Fragments
within the same Distribution;

- the complexity of the System, understood not only as the total Volume of I
Information, but also by the Depth of Progressive Decomposition achieved,
which is equivalent to the total number of Fragments (Fragments(t) = f,(t))
generated by the System;

- the degree of Entropy H(X) achieved by the System in its terminal
Fragmentation.

At this point, the use of three mathematical tools allows us to demonstrate the Validity of the
Hypothesis of the Theorem.

Shannon's Formula, as we saw in previous chapters, explores the System's uncertainty in identifying
the correct configuration of the terminal Fragments during the reconstruction, providing a measure
of the Entropy H(X) achieved by the I Information during the granulation process.
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Bernoulli's Formula helps us in the Fragment assignment phase and allows us
to calculate the probability that a Fragment will be randomly assigned to a
Colluding External Agent, being a probability statistic in which an event can
have only two outcomes (in our case, assigned to the Colluding External Agent
or to the Honest External Agent).

Kullback-Leibler divergence measures the statistical "distance" between two
probability distributions: in our case, we can use it to calculate the divergence
between the critical Bernoulli distribution and the actual Bernoulli distribution.
This statistical distance is a central point of the Theorem: that is, it evaluates
when a specific Colluding Distribution could become a problem if it attacks the
System, by comparing the Actual Colluding Distribution found in the System
and the one considered Critical, that is, the Theoretical Distribution with a
Critical Threshold sufficient to violate the System and corrupt it.

We therefore have:

Shannon Formula H(X) = -K Zi-; " pi log; p;,

described in previous chapters,
Bernoulli's Formula

P(Y=1) =q,

P(Y=0)=1-q¢

which measures

event 1 = a fragment is assigned to a Colluding External Agent.
event 0 = a fragment is assigned to an Honest External Agent.

The Kullback-Leibler divergence for discrete cases is
D(P||Q) = H(P, Q) - H(P)
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where two Entropies are compared to each other, the Cross Entropy and the
real Entropy of System P, that is, the Shannon Entropy.

Real Entropy H = -%, P(x) log P(x)

measures the intrinsic Uncertainty of the Real Distribution P, thus offering a
measure of the Disorder of the Data (i.e. how “unpredictable” they are);

Cross Entropy H(P, Q) = -Z, P(x) log Q(x)

It is a cross-measure, which measures the resulting Entropy if the events of the
Real Distribution P are encoded using the approximate Model given by the Q
Distribution.

If, for example, we wanted to measure tomorrow's weather, and we know that
the Probability of Sunny is 70%, Cloudy is 20%, and Rain is 10%,

while our Estimate is 40% Sunny, 40% Cloudy, 20% Rain,

we would have

the Real Discrete Distribution 0.70, 0.20, 0.10 (A)

against

the Approximate Distribution 0.40, 0.40, 0.20 (B).

Cross Entropy is the comparison between these two distributions, obtained by
measuring what happens to the Shannon Entropy of the Real Distribution (A) if
| use the data from the Approximate Distribution (B). The result, expressed in
bits, tells us how inefficient the Approximation is, that is, how many more bits
of information | am "wasting" because the Q Model (which corresponds to B in
the Weather example) does not adhere perfectly to the P Model (A in the
example).

In our case, we will have D(t||q) = H(t, g) — H(t), which by replacing becomes
D(t||q) = tlog (t/ q) + (1 -T)log ((1 - 1)/ (1-q)) (101)
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where

T, it is the minimum fraction of coherent information needed to attack
effectively;

g, is the actual share of colluders and

where log denotes the natural logarithm when D(t||q) is used in exponential
concentration bounds

Said differently D(t||q) measures how unlikely it is that an entity with a
collusive share q will behave as if it had a collusive share t.

For example, if g = 10% and the threshold required for Collusion Success is
30%,

thatis, g =0.10 and t=0.30,

the Kullback-Leibler divergence measures how statistically distant 10% is from
30%.

In the proof, we introduced the value T, the Critical Collusion Threshold. This
value constitutes the minimum fraction of Global information that colluders
must control to breach the System effectively and consistently. Put another
way, if colluders control less than t, they do not have enough information to
cause problems. However, if they control an amount of information with
assigned I; s 2 T, they can conduct an effective attack.

However, during the discussion, it became clear that, although standard
statistical reconstruction limits operate in the presence of some conservative
parameterizations or simulation scenarios, a value such as t=0.35 can be used
as an illustrative critical threshold, and the rigorous application of Axiom llI
alters the asymptotic behavior of the system.
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In CNVS, validity is not reducible, being governed by the Vgopa function, so the
effective operating threshold is not dominated by the classic "majority vote."

Even when the fraction of compromised verifiers is very large, security may still
hold if the uncompromised useful information remains sufficient to block
unauthorized reconstruction or to trigger invariant violation during global
verification.

Let's continue our reasoning on the probabilistic model and test the resistance
of the System by considering Collusion without taking into account for a
moment the violation of the invariants.

Let us assume thatq,t€IRand g, t€ (0, 1), and n, cco € IN

C.on = the number of Fragments controlled by the Colluding Agents

n = the total number of Fragments;

then the share controlled by the Colluding External Agents will be c.oi/n.
Collusion will only be possible when c.oi/n > T.

Tis a Model Parameter and can be estimated in various ways, but it is a
parameter that should be provided.

T € (0, 1) is the minimum normalized amount of useful information required
for unauthorized reconstruction.

Technically, it could be assumed by the Implementation in a "conservative"
manner, but the most effective solution is for it to be estimated conceptually
by analyzing how much minimal information is needed to reconstruct
relationships, avoid contradictions, and violate the System's invariants. It is
clear that this is difficult to calculate in an Implementation because it depends
on the Nature of the Data we are dealing with, which is assumed to be abstract
in this document.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



Theoretically, it could also be estimated experimentally through Attack trials.

If we assume through analysis and simulations that at least 35% of the useful
information is needed to violate the System, t will be equal to 0.35, meaning
that those who control less than 35% of the information will, on average, fail to
violate the System.

As the System grows, the information I grows, and therefore the number of
Fragments increases, the Entropy H(n) increases, while the relative share of
knowledge available to each verifier decreases.

It follows that an increasingly larger amount of information is needed to
reconstruct the System, thus requiring more colluders.

Formally,

T=ft(H, R, C) (102)
where we have

- H = System Entropy;

- R = Structure of relations;

- C = System invariants.

That is, the Critical Threshold t is a function ft of the informational and
structural complexity of the System, therefore of H, R, and C.

The threshold Tt may depend on the informational Entropy H, relational
complexity R, and the System invariants C.

In the proof, we will use Bernoulli's Binomial Formula, which considers many
independent Bernoulli trials.

For analytical tractability, the assignment of fragments is modeled as an
idealized probabilistic process in which each fragment is independently
assigned to a colluding verifier with probability g. This assumption provides a
simplified approximation used to derive asymptotic security bounds.
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Formally,

P(X=k) = (n; k) g (1-q) "™

where:

- n, the total number of Fragments;

- k, the number of Fragments managed by the colluders;

- q, the probability that a single fragment goes to a colluder;

- P(X=k) the probability that k Fragments are assigned to the Colluding External
Agents.

To recap, with the simple Bernoulli's Formula, the probability that a single
fragment goes to a colluder is established; Bernoulli's Binomial Formula
calculates the probability that out of all the Fragments (i.e., in a distribution), a
quantity k goes to the colluders.

In the demonstration we will use Stirling's Formula that we have already seen
in the Discussion on Entropy in chapter 12, namely

n! = Vv(2rtn) * (n/ e)", and which constitutes an approximation when
calculating the factorials of very large numbers.

As has clearly emerged, even treating the System as a probabilistic
distribution deprived of invariant constraints, the resistance of the model

grows with adoption.

15.3 Proof

Notation Note: In this extended analysis, the total number of terminal
fragments undergoing verification is denoted by the scale parameter n. The
variable k is used only as a counting variable in the binomial model,
representing the number of fragments assigned to colluding agents.
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The statement of the Emergent Security Theorem is:

gw <T=lim 5 P[2"-; Y;w(D;) 2 tn] = 0. (103)

The more the System is adopted, the more useful knowledge is dispersed, and
the more unlikely, costly, and technically inconvenient collusion becomes.

Let's start with the idea of having a certain number of terminal Fragments n.

For simplicity's sake, let's assume that they are all equally probable.

This simplifying assumption is introduced only to derive the Entropy of the
System in a closed and intuitive form. The theorem is subsequently generalized
by introducing an informational weight w(D;) € [0, 1] for each fragment,
thereby explicitly accounting for non-uniform fragment distributions. The
unweighted binomial model is recovered as an analytical baseline by setting all
counting weights equal to 1. The normalized informational-weight model is
introduced afterward to account for non-uniform fragment utility.

If we want to recombine them all, the total number of all possible
combinations corresponds to n!, and these are Permutations, that is, taking
each individual Fragment only once, and taking into account the importance of
the order in which they are distributed. In fact, the Fragments contain
information and cannot be distributed in a random order.

As we have already seen in Chapter 12, the formula for calculating each
individual Probability of a specific Permutation will be:

p=1/nl

Let Shannon Entropy be:
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H= —Zi Pi |0g2(pi)-

Let's calculate the Entropy of our distribution of terminal Fragments n obtained
from the System, and substitute the terms:

H(n) = =21 (1/n!) logx(1/n!).

Simplifying the same terms, we will have:

H(n) =-n!-(1/n!) logy(1/n!).

Since:

n!-(1/nl)=1,

therefore:

H(n) = -log,(1/n!).

Since in logarithms the property log(a™) = -log(a) holds, and since a™ = 1/a, we
will have:

-log,(1/a) = log(a).

Setting a = n!, we obtain:

H(n) = log,(n!).

But as the Fragments increase, the possible combinations also increase, so the
reconstruction uncertainty ultimately increases.
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Let's construct the limit:

n = oo = H(n) > +eo,

therefore:

lim 5« H(N) = lim , 5« logy(n!) = +oo,

Let's move on to using Bernoulli's distribution to randomly assign each
individual Terminal Fragment and calculating the probability that, of all the n
distributed Fragments, some will end up in the hands of the Colluding External
Agents.

For the purposes of proving the theorem, we use Bernoulli's binomial
distribution to calculate the probability that a number k of Fragments will be
assigned to the Colluding External Agents. The value of k subsequently
determines the reduction in the Entropy of the System.

So, let's first calculate the probability that, by chance, each individual Terminal
Fragment will end up in the hands of a Colluding External Agent instead of an
Honest External Agent.

When the System assigns this fragment, only two things can happen: either the
fragment goes to a Colluding External Agent or it goes to an Honest External
Agent.

There are no other possibilities.

Let's introduce the variable Y, which can take only two values.
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Let's assume that:

Y = 1, if the Fragment randomly goes to the Colluding External Agent,

Y =0, if the Fragment randomly goes to the Honest External Agent.

Let g be the probability that a single terminal Fragment ends up in the hands of
a Colluding External Agent, and we have:

P(Y=1)=q.

Since there are only two possibilities, the opposite probability is:

P(Y=0)=1-aq.

At this point, we use Bernoulli's Binomial Formula to calculate the probability
of multiple Fragments:

Yy, Yz, ooy Yoo

By adding them together, we have:

X= Y1 + Yz + ...+ Yn,

where X represents a random variable that counts the total number of

Fragments assigned to the Colluding External Agents.

Suppose we have the following situation:

Y1=1,Y2=O,Y3=1,Y4=O,Y5=1.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



Then we have:

X=1+0+1+0+1=3,

which means that out of 5 Fragments, 3 ended up in the hands of the Colluding
External Agents.

The probability that exactly k terminal Fragments go to the Colluders is
calculated with the following formula:

P(X = k) = binom(n,k) g* (1-q)"™".

We must pay attention to the meaning of X and k.

X is the random variable that determines the number of Fragments assigned to
the Colluder;

k corresponds to that specific number.

In fact:

ke{o,1, ..., n}L

Therefore:

X =random variable that counts the Fragments assigned to the Colluders;

k = the particular value assumed by the variable X.

Let's return to the proof.
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We stated that the System Entropy corresponded to:

H(n) = log,(n!),

which corresponds to the Uncertainty of the Entire System.

We should subtract a portion of these Fragments from the System Entropy
calculation, because they will end up in the hands of the Colluders, reducing
the Entropy.

The System Entropy is reduced because the Colluding External Agents,
receiving the Fragments, will know their contents. Therefore a portion of the Ig
Information will no longer be unknown and will no longer contribute to
determining Uncertainty.

The number of Fragments still uncertain and unknown will be equal to n -k,
those that ended up in the hands of the Honest External Agents.

The residual Entropy will be:

Hres(k) = loga((n - k)!),

counting only the unknown Fragments that ended up in the hands of Honest
External Agents.

The Entropy reduction will therefore be:

AH(k) = H(n) - Hres(k)'

Substituting the values H(n) and H,.(k), we will have:
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AH(k) = logy(n!) - log,((n - k)!).

Exploiting the property of logarithms that log(a) - log(b) = log(a/ b), we obtain:

AH(k) = loga(n! / (n = k)!).

In summary:

e If k=0, the colluders know nothing;

* |f kincreases, uncertainty decreases;

e If k = n, uncertainty becomes zero, because everything is known by the
Colluding Agents.

So up to this point, Shannon Entropy provides a measure of the total
uncertainty associated with the global information Ig.

The probabilistic model based on Bernoulli and binomial distributions
estimates the likelihood that a sufficient number of useful fragments is
compromised.

Each compromised fragment contributes to a reduction in global uncertainty
according to its informational weight w(D;). The cumulative Entropy reduction
is represented by AH.

The reconstruction threshold Tt defines the minimum normalized amount of
useful information that must be acquired in order to make unauthorized
reconstruction possible.
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If the reduction in System Entropy becomes large enough to exceed a
Threshold Value, Collusion goes from being an unlikely event to a dangerous
event. In the unweighted binomial baseline, this occurs when:

k>1:-n.

The probability that collusion leads to success, thus deteriorating the System's
security, is therefore given by:

P(X>1:-n).

Summary table:

Ceoll = k = number of Fragments assigned to the Colluders;

Con/N=k/n;

k/n2t;

Starting from the Binomial Formula, we calculate the total probability of
success of a collusion, which will therefore be given by the sum of all the
probabilities of the cases in which the Colluders receive enough Fragments to
reach or exceed the Critical Threshold.
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The probability of success of the collusion will therefore be:
Pean(n) = P(X 2 ki),

that is:

Peoi(n) = 2"« P(X = k),

with X=Y; +Y, + ... + Y, representing the random variable referring to the total
number of Fragments assigned to the Colluding External Agents, and k a
specific number. We will have:

k. = [T - n| = Critical Threshold value. (104)
Substituting we will have:

Peoi(N) = 2"kcien binom(n, k) g* (1-q)"™. (105)
The formula to be proved was:

gw <T=lim 15 P[2"; Yw (D;) 2 tn] = 0.

In the unweighted binomial baseline, the corresponding formula is:
g<tT=lim 5« Poi(n) =0. (106)
with:

X ~ Bin(n, q),
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that is, X is the variable of the Binomial, which counts how many Fragments
end up with the Colluders;

n is the total number of Fragments;

q is the probability of success of a single Bernoulli Trial, i.e.:

q= P(YI = 1)1

which is the probability that a single Fragment will be randomly assigned to the
Colluder.

The expected value is:

E[X]=n-q,

so the Colluders receive on average n - q Fragments.

The minimum threshold is:

k=k.=[t-n].
But if:

q<T,

then:
n-q<t-n,
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that is, the average number of Fragments received by the Colluders is less than
the threshold required to violate the System.

Therefore:

X/n

will be the fraction of the total Fragments that end up with the Colluders.

Collusion is therefore successful if:

X/n>t.

So substituting we have:

Pcoll(n) = P(X / n2 T).

By the law of large numbers, if n & o<, we have:

X/n=aq,

that is, if the number of Fragments grows infinitely, the effective and real
fraction of Fragments assigned to the Colluders increasingly approaches
Probability g, which is the probability that a single fragment is assigned to a
Colluder.

But if the real fraction approaches q, and g is smaller than t, then it becomes
increasingly unlikely that:

X/n>t.
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So substituting we have:
g<t=Ilim,5-P(X/n21)=1lim .5« Pi(n) = 0.
Therefore:

qg<t=lim,5-P(X>[t-n])=0.

By replacing we will have:

q<T= lim 15« 2" en binom(n, k) g* (1-q)"™* = 0.

That is, if qw < T, where g is the probability that a fragment is assigned to a
colluding verifier and w is the average informational weight of the fragments,
then increasing the number of fragments makes it increasingly unlikely that the
colluders obtain enough useful information to exceed the reconstruction
threshold.

Let's return to Kullback-Leibler divergence, which we saw at the beginning of
this chapter:

D(t||q) = T log(t/q) + (1-T) log((1-1)/ (1-q)). (107)

Here log denotes the natural logarithm when D(t||q) is used in exponential
concentration bounds.

D measures how far the actual situation q is from the critical level T, that is,
from the situation in which the Critical Threshold level for assigning Fragments
to Colluders is actually reached.
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Equivalently, it measures how unlikely it is that a binomial variable with actual

probability q will produce an observed frequency equal to at least T.

For a binomial, the Chernoff Inequality holds, which is its classic application.

When the number of independent trials, corresponding here to Fragments, is
very high, calculating the Binomial exactly becomes complex.

The Chernoff Inequality allows us to obtain an exponential upper bound on the
probability of a la rge deviation from the expected value.

For example, for a binomial variable X with mean y, the following standard
bounds hold:

P(X2 (1 +8)u) <exp(-62n/3),

P(X<(1-68)u) < exp(-6%u/ 2). (108)

That is, the further one moves from the mean, and the more one increases the
number of trials, the more the probability of an anomalous event collapses
towards zero.

Applied to the upper tail of the binomial distribution, the Chernoff-KL bound

gives:

P(X/n=1) < exp(-nD(t||q)), (108)

ift>q.

Since:
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I:’coll(n) = P(X / nz T)r

we can also write:

Pcoll(n) < exp(—nD(THq)), (109)

that is, the probability that the colluders exceed the critical threshold drops
exponentially the greater the number of trials, i.e. Fragments, and the greater
the distance between g and t calculated with the Kullback-Leibler divergence.

Let: Z=D(t||q),

so as to simplify writing the formula.

If: Z>0,

then:

Peoi(n) £ exp(-nZ).

As n increases, the exponent becomes more and more negative:
assuming Z=0.1,

n=10 - exp(-1),

n =100 - exp(-10),

n = 10000 = exp(-1000).
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The value will tend exponentially to 0.

Since Z > 0, we have:

lim » >« exp(-nZ) = 0.

Since:

0 < P.i(n) € exp(-nZ),

and since:

lim » 5« exp(-nZ) =0,

therefore:

Pcoll(n) 9 0

for n = oo, concluding:

g<tT=1lim 3w Pci(n) =0.

In reality, not all fragments have the same weight.

Let:

W, =2" Yiw(Dy)

be the total weighted useful information controlled by the colluding agents.
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Thus, the event:

W, 2 tn

means that the colluding agents have obtained enough weighted useful
information to reach or exceed the critical reconstruction threshold.

Some fragments are more useful than others because they are better
connected and because they convey a greater amount of information about
the Global Information.

Let's formalize the concept.

A fragment is more useful the more it represents the Global Information, i.e.,
the greater its contribution to Global knowledge.

Each useful fragment therefore reduces the Global Entropy of the System,
meaning that the more useful, i.e. heavier, a fragment is, the more it reduces
the Uncertainty of the Entire System.

Let: G

be the random variable representing the distribution of the System's globally
admissible configurations.

Let:

u(D) = 1(G; F) (110)
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be the unnormalized informational utility of fragment F; with respect to the
global admissible configuration G.

Equivalently:
u(D;) = H(G) - H(G | F). (111)
Thus:

0 < u(D)) £ H(G).

For subsequent probabilistic bounds, we use the normalized weight:

w(Dy) = u(Dy) / H(G) = I(G; Fi) / H(G), (112)

assuming H(G) > 0.

Therefore:

If its value is equal to O, the Fragment is informationally useless for global
reconstruction.

If its value is equal to 1, the Fragment carries maximal normalized
informational utility with respect to the Global admissible configuration.

Intermediate values have proportional utility.

Since:
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0<w(D)<1,

and:

Yi € {O, 1}/

we have:

Moreover, assuming independent assignment with:

P(YI = 1) = ql

the expected useful weight controlled by colluders is:

E[W,] = E[2"-; Yiw(D)]

=q 2" w(Dy)

= nqw, (113)
where:

W =(1/n) 2" w(Dy). (114)
If:

qw <T,
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then there exists:

6=1t-qw>0.

For the asymptotic statement, this gap is assumed to remain positive as n

grows.

Therefore:

P[2"-1 Yiw(Di) 2 tn]

= P[W, 2 tn]

= P[W, - E[W,] 2 n §].

Since the random variables Y;w(D;) are independent and bounded, a Chernoff-
Hoeffding bound gives:

P[W, 2 tn]

< exp(—2n2 62 / Zni:1 (.1)(D,)2)

Because:

0<w(D) <1,

we have:

2", (.U(Di)z <n.
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Thus:

P[W, = 1tn]

<exp(-2 n (t-qw)?).

Consequently:

C|(L_) <t=lim n- oo P[Z”i=1 Y:w (D|) 2 Tn] =0.

Therefore, if the expected weighted useful information controlled by colluders
remains below the critical reconstruction threshold, the probability that
colluders obtain enough useful information to compromise the System tends to
zero as the number of terminal fragments increases.

16. Considerations on Dependent Collusion

16.1 Introduction

The Chernoff exponential bound introduced in the previous chapter models
unauthorized reconstruction by simplifying the assumption that fragment
compromise events are statistically independent and, consequently,
compromise events are treated as statistically independent. This
approximation is useful for illustrating the asymptotic scalability of security, but
it does not explicitly capture coordinated collusion between adversarial
verifiers.
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In the real world, collusions are more often coordinated and, being able to
share all the information they acquire, organize their strategies to compromise
the System adaptively, that is, by targeting the most informative fragments. A
more general formulation must therefore account for the statistical
dependence between compromise events.

The purpose of this chapter is to demonstrate that the central conclusion of
the CNVS security model remains valid even in the presence of coordinated
collusion, provided that the conditional probability of compromising each
additional critical fragment is uniformly bounded by a constant strictly less
than one.

16.2 Development

Let:

- Q denotes the total number of verifiers;

- C.on denotes the total number of colluding verifiers;
- g = c.oi/ Q denote the collusive control fraction;

- pins indicates the probability that a critical fragment not directly controlled by
collusive entities can still be inferred from compromised information;

- m indicates the number of critical fragments with low inference required for
unauthorized reconstruction.

A fragment is considered critical if, having low inference, it cannot be easily
inferred from knowledge of all the others, therefore its knowledge becomes
critical for reconstruction.

We define the probability of compromise of a single fragment as

pcomp=q + (1—CI) Pinf. (115)

This quantity represents the probability that a single critical fragment is either
directly controlled by colluding entities or successfully inferred.
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For each critical fragment F;, let C.,mp_i denote the event that F; is
compromised.

We assume that, for every critical fragment,
P(Ccomp_i|Ccomp_l;---:ccomp_i—l) < pcomp; O < pcomp< 1 (116)

This condition does not assume independence. It only requires that, even after
any sequence of prior compromises, the probability of compromising one
additional critical fragment remains bounded by a constant strictly smaller
than one.

It is clear that this assumption becomes a fundamental prerequisite for
guaranteeing Security, because if the probability of compromising the residual
critical fragments not yet controlled by the Colluders were equal to 1, it would
mean that the System has been completely violated: in this case we would no
longer have a probability, but the certainty that the residual Information is
completely accessible to the Colluders or in any case deducible.

Let Rec™ denote the event of unauthorized full reconstruction of the global
informational state.

Under the stated assumptions, unauthorized reconstruction is bounded by
P(Rec”) < peomp" (117)
therefore:

unauthorized reconstruction requires compromise of all m critical fragments:
Rec” S Ceomp.1 M Ceomp.2N *** N Ceomp_m-

By the chain rule of probability,

P(Ceomp_1 N Ceomp.2 N vee N Coomp.m) = TT"i=1 P(Ceomp_i | Ceomp_1, +++» Ceompi-1)-
P(Rec*) £ TT™i1 P(Ceomp_i| Ceomp.1, +-r Ceomp_i-1)

Applying the uniform conditional bound,

P(Rec™) < TT™i=1 Peomp = Peomp - (118)
If
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0 < pcomp< 1;
then
P(Rec*)>0as m > oo,

This establishes that the essential conclusion of the Emergent Security Scaling
Theorem remains valid even when colluding adversaries are fully coordinated.

At this point, it is necessary to make an important clarification.

As explained in previous chapters, the number of fragments cannot tend to
infinity, because with each recursive decomposition, the semantic content of
each fragment is reduced to zero.

This too can be understood as an approximation.

Elsewhere in this document, the limit |, (or lrmin) denotes the semantic lower
bound below which a terminal fragment no longer contains enough
information for honest verification.

It is sufficient for the decomposition to asymptotically approach that limit, so
as to disentangle all I fragments from any externally inferable local and global
structural relationship, keeping the colluder blind both locally and globally,
even if it shares its information with that of other colluders.

Therefore,

security increases with the number of critical fragments up to the limit
imposed by the minimum semantic threshold I n.

So to recap, the asymptotic expressions derived in the previous sections,
including

P(Rec*) >0 as m—> oo

and

gw < T = limn—>e P[X(i=1ton)Y,w(Di)2tn]=0
should be interpreted as idealized scaling limits:

these results establish the theoretical direction of the security model,
therefore under the stated assumptions, increasing the number of sufficiently
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independent low-inference fragments reduces the probability of unauthorized
reconstruction.

In the weighted formulation, qw represents the expected useful adversarial
information per fragment. Therefore, under the idealized average-weight
approximation, the condition qw < t expresses that the expected useful
adversarial information remains below the reconstruction threshold.

(Technical note. the rigorous weighted version is provided in the compact formal synthesis through
a bounded weighted concentration inequality).

It is the task of the System, or rather of its implementation, depending on the
nature of the Information, to make the terminal Fragments increasingly
independent and reduce their inference to a minimum.

Formally,

let

Imin
denote the minimum amount of information required for semantic task
comprehension.

Each terminal fragment F;must satisfy Ir 2 I ,in.

If this condition is violated, the fragment becomes operationally meaningless
and local verification is no longer possible.

The semantic lower bound imposes a practical upper limit on fragmentation
depth.

Let
mmax

denote the maximum number of critical fragments that can be generated while
preserving

||F,i| 2 Imin-

This quantity depends on:
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- the total informational content of the global state;
- the semantic complexity of each verification task;
- the decomposition strategy;

- the informational heterogeneity of fragments.

From the generalized dependent-collusion model, the minimum number of
critical low-inference fragments required to achieve a target security level

P(Rec*) < n

Muin = [In(N) / In(Pcomp), (119)
for

0 < Peomp < 1.

With respect to the target security level n and the semantic lower bound I, a
CNVS architecture is practically feasible only if:

I’nmax 2 mmin-

When this condition holds, the System can generate enough critical low-
inference fragments to achieve the desired security level without violating the
semantic lower bound required for honest verification.

The condition above transforms the asymptotic security theory into a concrete
design criterion.

The practical engineering objective is therefore:
maximize epistemic restriction subject to semantic verifiability.

In other words, the System should fragment information as aggressively as
possible while ensuring that each terminal fragment remains sufficiently
meaningful for the assigned verification task.

In that case, security can still be improved by reducing

pcompr

for example by:
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- decreasing the fraction of colluding verifiers q;
- reducing the inference probability pins;
- increasing fragment heterogeneity;

- strengthening the non-inferability of critical fragments.

This feasibility condition does not weaken the CNVS theory.
On the contrary, it explicitly links:

- semantic constraints;

- probabilistic security;

- System scalability;

- practical implementation.

As a result, the CNVS framework provides not only asymptotic theorems, but
also a concrete quantitative criterion for determining whether a proposed
architecture can simultaneously satisfy operational and security requirements.

If critical fragments are non-inferable, i.e.,

Pin=0

then

Peomp=0

and therefore

P(Rec*) < q" (120)

This corresponds to the ideal case in which each non-inferable critical fragment
acts as a veto condition for unauthorized reconstruction.

Suppose a target upper bound n is specified for the probability of unauthorized
reconstruction:

P(Rec’) < n
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The minimum number of critical low-inference fragments required to satisfy
this condition is

Mmin = “n(ﬂ)/ In(pcomp)]
and where

n is the maximum tolerated probability coefficient of unauthorized
reconstruction,

with n € (0, 1),

let 0 < peomp < 1

the ratio In(n)/ In(Peomp)

is well defined and strictly positive,
The security condition

m
Peomp <N

holds if and only if

m * In(pcomp) <In (n)

because In(pcomp) < 0, division by In(p.mp) reverses the inequality:

m 2 In(n)/ In(Pcom)-

This expression provides a direct design rule linking security objectives to
architectural parameters.

Example.
Assume:
* q=0.10,
* pinr=0.01
Then:

Peomp=0.10 + 0.90 x 0.01 = 0.109
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* m=20
then:
P(Rec*) £0.109%° = 5.7x107%.

Thus, even with coordinated collusion and nonzero inference probability,
unauthorized reconstruction becomes negligibly probable when a sufficient
number of critical fragments remains protected.

This chapter generalizes the original Chernoff-based independent-assignment
analysis by replacing the independence assumption with a uniform conditional
compromise bound. The result shows that exponential security scaling is not
an artifact of independent Bernoulli models, but a structural consequence of
maintaining a uniform upper bound on the conditional probability of
compromising each additional critical fragment.

In practical terms, the Security Theorem, applied to cases of Dependent
Collusion, states that if the System architecture ensures that each new critical
fragment remains sufficiently difficult to compromise or infer, then overall
security increases exponentially with the number of such fragments, even in
the presence of a coordinated attack.

16.3 Relations with Inference

It should be noted, however, that the inference probability pi,s can also be
interpreted as a function of the residual uncertainty of the global state.

The inference probability was already introduced in the previous section
and was utilized to formalize the compromise probability of an additional
fragment according to the equation:

Peomp = 4 + (1 - Q) Pins

However, its mathematical significance has not yet been thoroughly
examined. Let us examine the details.
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Let:
WI(t) = Z iz1an Yi(t) w(Ds)

be the normalized informational weight controlled by the adversarial
coalition at time t, where Y|(t)=1 if fragment F; is controlled or
compromised by the coalition, and Yi(t)=0 otherwise.

Thus, W(t) represents the cumulative normalized useful knowledge
acquired by the adversarial coalition relative to the System.

When the Adversary is himself a legitimate Actor within the System, his
directly accessible knowledge is normally restricted to the semantic
information plane associated with the assigned Fragment(s). Any attempt
to reconstruct the global state of the System consequently requires
inferential access to the higher informational plane, which contains the
relational topology, reconstruction dependencies, and invariant
coordination structures.

Indeed, due to the information fragmentation enforced by the System, the
Adversary may possess all locally accessible payload fragments while
remaining incapable of reconstructing the global semantic structure,
unless the analysis of W(t) also infers the topological and relational
organization linking these fragments and uncovers the systemic invariant
constraints. These constraints evidently preclude the deduction of the
missing payload contents as a function of the invariants to be satisfied.
Furthermore, even with subtotal access to semantic and relational
information, the deduction of missing payloads would be obstructed by
the adversarial coalition's lack of knowledge regarding the global
invariants.

It must be noted that fragments not controlled by the Adversaries remain
inaccessible due to the combination of informational separation,
distributed allocation, and cryptographic protection mechanisms.
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Consequently, effective reconstruction depends not merely on acquiring
the semantic payload information, but also on retrieving the structural
informational organization represented by the higher informational plane.

In summary, the adversarial coalition disposes of two methods to acquire
knowledge of the missing fragments: either it attempts to deduce the
payload of the assigned fragment as a function of the task entrusted by
the System, or it attempts to infer the payload of missing fragments that it
does not directly manage.

The inference probability depends strictly on the degree of System
Entropy. Letting the Shannon conditional entropy be the amount of
average residual uncertainty remaining in the System after the adversarial
coalition has acquired its view, we can express the fundamental relation
as:

H(S(to)l VieWadv) = H(S(to)) - I(S(tO) ; VieWadv)

where H(S(to)) corresponds to the initial Global Entropy of the System at
time O (i.e., when adversarial knowledge is zero) and View.q, corresponds
to the total knowledge acquired by the colluding coalition. The term I(S(to)
; View,q,) corresponds to the Mutual Information, representing the
amount of information regarding the global state that the adversarial
coalition can deduce once View,q, is known.

Evidently, the average residual uncertainty is given by the total entropy of
the System minus the information that the adversarial coalition can
directly deduce from the information already at its disposal. In principle, it
is possible to assume a minimum quantity of Entropy that the system
must preserve to maintain its security, which we may define as h ..

Indeed, to guarantee worst-case cryptographic security, we do not rely on
average entropy, but rather on Min-Entropy (H). Min-Entropy corresponds
to the minimum entropy (i.e., the maximum vulnerability or the
configuration most favorable to the attacker) present within the System.
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In principle, it is possible to enforce that the residual Min-Entropy of the
missing critical fragment d..iss never drops below a minimum threshold h,
> 0:

Hoo(dmissl VieWadv) 2 hmin

This quantity mandates that the security of the System is preserved
because the final critical fragment will never be 100% deducible.
Theoretically, it is sufficient for this value to be strictly greater than 0. If
hmin = 0, it implies that the System contains no further uncertainty and
that all information can be deterministically deduced by the adversarial
coalition.

Assuming therefore that h,,;, > 0, we can conclude that the total
reconstruction of the global information will remain impossible as long as
the inference probability pi,s of the missing payload, however minimal,
remains strictly less than 1. This is achieved when the adversarial
coalition's access to critical information is constrained below the system's
breaking threshold.

The security of the System is therefore not entrusted to the indiscriminate
limitation of adversarial access to a number of equations equal to the
number of unknowns; rather, it is strictly bound to inferential deduction
constraints. As long as there exists a critical mass of information that is
neither directly accessible to the adversarial coalition nor deducible, the
unauthorized total reconstruction of the global semantic payload remains
impossible, as a minimum residual entropy greater than zero will always
persist.

Formally, the inference probability for the missing critical fragment
satisfies:

pinf < 2-h_min

for hpin >0 and pins < 1.
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Consequently, for g < 1, we obtain:

Pcomp = q + (1-9) pinr< 1.

At an interpretative level, pi,s may also be associated with an entropy-
erosion proxy over time:

Pin(t) £ 1 = E[H(S(t) | W(t))] / H(S(to).

where E[H(S(t) | W(t))] corresponds to the expected value of the
conditional entropy of the System at time t, given the cumulative
adversarial knowledge W(t), while H(S(to)) is the initial global entropy of
the System at time 0.

This expression should be understood as a normalized entropy-leakage
indicator, not as a replacement for the min-entropy bound governing
worst-case inference.

Therefore:
Peomp(t) = q + (1 = q)[1 - E[H(S(t) | W(t))] / H(S(to))].

Finally, extending the analysis to the entire vector of missing payloads
(Dmiss), we obtain the definitive upper bound for unauthorized global
reconstruction:

P(Rec*) < 2-H_°o (D_miss | View_adv)

where the reconstruction probability is bounded above by the
exponential inverse of the residual conditional min-entropy of the total
missing payloads D relative to the adversarial view View,g,.
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This formulation organically links the dependent-collusion model with the
entropy-based interpretation of fragment utility. It does not replace the
generalized security bound, but rather provides a profound informational
interpretation of the inference term.

16.4 Conclusion

The original emergent security scaling theorem established the
exponential decay of the unauthorized reconstruction probability within
an idealized independent-assignment model. The present formulation
extends this identical principle to coordinated colluding adversaries and
dependent compromise events.

Consequently, this theorem should not be interpreted as a fundamentally
separate principle, but rather as a generalized formulation of the original
security scaling result. The generalized dependent-collusion model
reinforces the CNVS framework by demonstrating that emergent security
persists even in the presence of coordinated collusion and statistical
dependence.

The essential requirement is that the conditional compromise probability
of each additional critical fragment remains uniformly bounded by a
constant peomp strictly less than one (pemp < 1). Under these conditions, the
unauthorized reconstruction probability decreases exponentially as the
number m of critical fragments generated by the expansion of the
system's fragmentation scale increases. The foundational security
conclusions of the CNVS therefore remain fully valid in significantly more
complex and realistic adversarial environments.
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17. Scientific Positioning and Relationship with Existing
Frameworks

17.1 Introduction

The CNVS framework did not emerge in isolation. It sits at the intersection of
several established disciplines, including information theory, cryptography,
distributed Systems, epistemic logic, and formal methods.

The purpose of this chapter is not to assert superiority over existing
frameworks, but rather to precisely identify the similarities and substantial
differences between CNVS and the main theoretical models already present in
the literature.

CNVS is proposed as an axiomatic framework for distributed and convergent
verification-dependent state admission, subject to knowledge restriction
constraints, global invariants, and emergent security with scale.

17.2 Information Theory
Conceptual Relationship

Information theory provides the mathematical foundation for:

e entropy;

e uncertainty;

¢ information content;

e redundancy;

e communication limits.

CNVS uses these concepts to describe how the fragmentation and restriction of
knowledge reduce the likelihood of unauthorized reconstruction.

Fundamental Difference

Information theory addresses the issue of the amount of information that can
be encoded and its subsequent transmission and compression.
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CNVS, on the other hand, addresses the issue of the validity of the Global State
and the conditions for this to be possible.

CNVS is not a theory of communication or encoding, but is first and foremost a
theory of the existence of states as dependent on verification.

17.3 Verifiable Secret Sharing and Threshold Encryption
Conceptual Relationship

Verifiable Secret Sharing (VSS) and threshold cryptography distribute shares of
a secret among multiple participants and allow the secret to be reconstructed
once a minimum threshold is reached.

CNVS also uses:

e fragmentation;

e threshold-based reasoning;

e partial information.

Fundamental Difference

VSS addresses the need to securely manage the distribution and
reconstruction of a partially shared secret, but without a verification
architecture based on distributed convergence and restricted informational
access.

CNVS addresses the problem of establishing the validity of a Global State while
preventing unauthorized reconstruction. To do so, it uses External Verification
Agents that are not included in the VSS architecture. It also performs
verification through the convergence between the internal data D; and the
external observation Obs;, with V . acting as a local admissibility operator,
accessing the content needed for its local task at each level, but without direct
semantic access to the informational payload preserved in D..

The architecture, purpose, and structure are completely different.
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In CNVS, fragmentation is not primarily a mechanism for sharing secrets, but a
structural mechanism for limiting knowledge, distributing verification, and
limiting the inference of Local knowledge from Global knowledge.

17.4 Zero-Knowledge Proofs
Conceptual Relationship

Zero-Knowledge Proofs allow a subject to prove the truth of a proposition
without revealing the underlying secret.

CNVS shares the principle of limiting the information accessible to individual
agents.

Fundamental Difference

Zero-Knowledge Proofs (ZKP) address the problem of how to prove a truth
without revealing a secret. Here, too, there are no independent External
Verifiers, nor is verification based on data convergence.

The prover possesses a witness (such as a password, a solution, or a private
key) and demonstrates that it is able to satisfy a certain mathematical relation
R(x, w)=1,

where:

e x = public statement;

e W = secret witnhess;

e R = verifiable relation.

The prover convinces the verifier that there exists a w such that R(x, w)=1,
without revealing w.

CNVS addresses the completely different problem of determining how to allow
multiple agents with limited local knowledge to analyze the results of a
sampling process that has the sole purpose of determining the admissibility of
a Global State. Verification does not occur through cryptographic "proofs" or
attestations, but through the study of the Object itself.

ZKP does not study the information content of the Object, not even at the
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protocol level, because it is irrelevant to the purpose.

ZKP is a cryptographic proof protocol.

CNVS is not a prover-verifier protocol, although it shares the principle of
information control.

17.5 Secure Multiparty Computation
Conceptual Relationship

Secure Multiparty Computation (MPC) allows multiple parties to compute a
function on private inputs while preserving privacy and correctness.
Architecturally, MPC is the framework that may seem closest to CNVS, but it
differs radically.

Fundamental Difference

MPC is a model that computes a function f(xj,...,x,) without revealing the
private inputs, which share its use for a common goal.

CNVS asks only when a Global State S can be accepted as valid.
Even if MPC were used to compare local results D;, it would not independently
provide:

e \Verification-Dependent Existence;
e Non-Reducibility of Global Validity;
e Knowledge Restriction Principle;

* Global Veto Principle;

e Emergent Security with Scale.

MPC can therefore be an implementation tool, but it is not equivalent to CNVS.
This is because the MPC model does not perform Verification by convergence
of information and data D;, and does not apply System invariants.

Specifically, MPC does not define a verification architecture based on
independent local outputs D; that converge towards a reconstructed global
structured informational state Ic.

In CNVS, the convergence of distributed evidence is a central structural
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mechanism. Multiple verifiers with limited knowledge produce local results,
and the consistency of these results determines whether a global state can be
admitted.

Furthermore, the System does not operate primarily through metadata
exchange or shared computation, but through the preservation and verification
of relational consistency across recursively fragmented structured elements.

MPC distributes private inputs among participants, but does not generally
require the recursive decomposition of a single global information state into
semantically distinct fragments.

Secure Multiparty Computation (MPC) is not designed to fragment a single
global piece of information.

It is designed to allow multiple parties, each with their own independent
private input, to jointly compute a function.

CNVS, on the other hand, is explicitly based on the non-uniform recursive
fragmentation of a global state. This fragmentation constitutes a fundamental
architectural and security principle.

MPC protects private inputs from disclosure during computation. However, its
primary goal is the preservation of privacy, not the structural limitation of
knowledge as a foundational principle of security.

In CNVS, the limited visibility of fragments is not simply a privacy feature, but a
fundamental element of the security model, where the Verifier is not granted
access to the elementary data D, but is instead tasked with performing a
measurement procedure that results in a comparison entity with a pre-existing
data point.

MPC does not inherently require fragments to have different informational
relevance, nor that they be assigned via a non-uniform random distribution.
MPC does not contain the CNVS-specific notion of hidden internal data D;,
external observations Obs;, or verification instances assigned to limited-
knowledge External Verification Agents.
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CNVS explicitly assumes that fragments can possess heterogeneous
informational value and that they are randomly and non-uniformly distributed.
MPC guarantees the correct computation of a function.

CNVS determines whether a candidate Global State satisfies structural
invariants and can therefore be admitted as valid. Correctness of the
computation alone is not sufficient; a separate verification of global validity is
required.

MPC is a distributed computation protocol.

CNVS is a Verification System.

17.6 Byzantine Fault Tolerance and Consensus Protocols
Conceptual Relationship

Byzantine Fault Tolerance (BFT) protocols address the problem of reaching
distributed agreement in the presence of malicious actors.
CNVS also considers distributed verifiers and adversarial scenarios.

Fundamental Difference

Consensus protocols ask how multiple nodes can reach a collective agreement.
CNVS asks how a state can be admitted only if the global invariants are
satisfied.

In CNVS, agreement is not sufficient, because a state is rejected whenever the
global invariants are not respected.

The fragmentation and random distribution of information reduce the
possibility of informationally effective agreements between colluders.
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17.7 Bitcoin and Blockchain Security
Conceptual Relationship

Bitcoin has shown that large-scale decentralized Systems can achieve
probabilistic security that increases with the number of participants.
CNVS similarly formalizes security that increases with the scale of the System.

Fundamental Difference

Bitcoin is based on:
e proof-of-work;
e economic incentives;
e longest chain rule.
CNVS, on the other hand, is based on:
e fragmentation;
e knowledge restriction;
e non-inferability;
e global veto;
e state admission based on invariants.

CNVS is therefore conceptually distinct from blockchain consensus.

Neither consensus nor a quorum guarantees the transition of a state request
from candidate to existing, but only the application of System invariants and
the satisfaction of verification functions at the local and global levels.

17.8 Epistemic Logic
Conceptual Relationship

Epistemic logic studies what agents know and how that knowledge evolves.
CNVS has a central epistemic component, as it explicitly limits verifiers' local
knowledge.

Fundamental Difference
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Epistemic logic is primarily descriptive and formal.
CNVS uses epistemic constraints as an operational security and verification
mechanism.

17.9 Formal Methods
Conceptual Relationship

Formal methods provide mathematical tools for specifying and verifying
Systems.
The formalization of CNVS in Lean 4 belongs to this methodological tradition.

Fundamental Difference

Formal methods are not the object of CNVS, but rather tools used to verify its
internal logical consistency.

Formal methods verify the model's consistency; CNVS uses this consistency to
define procedures for admitting or rejecting states.

17.10 Complex Systems and Emergence
Conceptual Relationship

Complex Systems theory studies the emergence of global properties from local
interactions.
CNVS shares this perspective through the concept of emergent security.

Fundamental Difference

CNVS does not simply observe emergence, but derives explicit structural and
probabilistic conditions that guarantee increased security with scale.
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17.11 Quick Comparative Summary

Framework Primary Objective Relationship with CNVS
Information Theory Communication and entropy Mathematical foundation

Distribution and reconstruction

VSS / Threshold encryption of secrets

Shares the fragmentation

Demonstration without o . .
Zero-Knowledge Proofs revelation Shares the limitation of information

Architecturally closer framework,

re Multipar . L . istinct in terms of Di
Secure Multiparty Private distributed computing but distinct in terms o

Computation convergence, fragmentation,
invariants, and global verification.

Byzantine Fault Tolerance Distributed Agreement Shares the adversarial context

Bitcoin Probabilistic decentralized Shares security that increases with

consensus scale

Epistemic Logic Reasoning about knowledge Conceptual foundation

Formal Methods Mathematical verification Validation tool

Complex Systems Global Property Emergence Supports emergent interpretation

17.12 Distinctive Contribution of the CNVS

The distinctive contribution of CNVS lies in the unified integration of the
following principles:

1. Verification-Dependent Existence;

2. Non-Reducibility of Global Validity;

3. Non-Uniform Recursive Fragmentation;

4. Knowledge Restriction Principle;

5. Global Veto Principle (i.e., rejection of a state when a structurally critical convergence
condition or global invariant is violated);

6. Emergent Security with Scale.

No single existing framework combines these principles with the specific goal
of admitting global states in distributed Systems.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



17.13 Final Positioning Declaration

CNVS should therefore be interpreted as an axiomatic framework proposed for
distributed verification and state admission.

It integrates concepts from information theory, cryptography, distributed
Systems, and epistemic reasoning, but addresses a distinct theoretical
question:

Under what conditions can a globally consistent state be admitted in a
distributed System with limited local knowledge?

This question defines the original core and specific theoretical field of the
CNVS framework.
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mathematical arguments in a clearer, academic form.
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organization, mathematical orientation, all definitions, terminology, system architecture, and the formulation of key theoretical
claims, was conceived and developed by the author.

Al tools were used as auxiliary tools to refine, organize, test, and express the author's ideas. The final selection of concepts,
formulas, definitions, hypotheses, interpretations, and scientific claims remains the sole responsibility of the author.

Any remaining errors, omissions, ambiguities or limitations are attributable solely to the author.
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Appendices
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Appendix Q — Tables A
CNVS Fragmentation Tables Based on Ter

Progressive variation of A and Composite Information Density pc

Formula and simplifying assumptions

Formula (86): Fragments(t) = |Ter(t, )| = A - [1/ (pc(t) - (N(1)*") 1 loga(1 + (Is(t) + In(t))/ 1o)]]

Assumptions used in these tables: Iy = Ig; I, = 100,000 bits; N(t) = 1, so N(t)*" = 1. Values are rounded upward with
the ceiling function.

Interpretation: A acts as a fragmentation-intensity multiplier; lower pcthresholds impose stronger dispersion and
therefore generate a larger number of terminal Fragments.

100 kbit 6 11 16 22 27 32 37 43 48 53 59 64
200 kbit 8 16 24 31 39 47 55 62 70 78 86 93
300 kbit 10 19 29 38 47 57 66 75 85 94 103 113
400 kbit 11 22 32 43 53 64 74 85 96 106 117 127
500 kbit 12 24 35 47 58 70 81 93 104 116 127 139
600 kbit 13 25 38 50 62 75 87 99 112 124 136 149
700 kbit 14 27 40 53 66 79 92 105 118 131 144 157
800 kbit 14 28 41 55 69 82 96 109 123 137 150 164
900 kbit 15 29 43 57 71 85 100 114 128 142 156 170

i{‘:ﬂ? 15 30 44 59 74 88 103 118 132 147 162 176

Comment. At pc = 0.30, the number of Fragments increases almost linearly with A: at Is = Iy = 1,000 kbit, the value
rises from 15 Fragments at A = 1 to 176 Fragments at A = 12. For a fixed A, the increase with I is controlled and
logarithmic, because I and Iy enter the formula through the log, term. Lower values of pc require stronger dispersion
and therefore generate a larger number of Fragments.

Table — Composite Information Density pc = 0.25

IG = IN =1
100 kbit 7 13 20 26 32 39 45 51 58 64 70 77
200 kbit 10 19 28 38 47 56 66 75 84 93 103 112
300 kbit 12 23 34 45 57 68 79 90 102 113 124 135
400 kbit 13 26 39 51 64 77 89 102 115 127 140 153
500 kbit 14 28 42 56 70 84 97 111 125 139 153 167
600 kbit 15 30 45 60 75 89 104 119 134 149 163 178
700 kbit 16 32 47 63 79 94 110 126 141 157 172 188
800 kbit 17 33 50 66 82 99 115 131 148 164 180 197
900 kbit 17 34 51 68 85 102 119 136 153 170 187 204
}((:g(t) 18 36 53 71 88 106 123 141 159 176 194 211

Comment. At pc= 0.25, the number of Fragments increases almost linearly with A: at I = Iy = 1,000 kbit, the value
rises from 18 Fragments at A = 1 to 211 Fragments at A = 12. For a fixed A, the increase with I; is controlled and
logarithmic, because I and Iy enter the formula through the log, term. Lower values of pc require stronger dispersion
and therefore generate a larger number of Fragments.
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Table — Composite Information Density pc = 0.20

Ic = In A=1 A=9 A=10 A=11 A=12
100 kbit 8 16 24 32 40 48 56 64 72 80 88 96
200 kbit 12 24 35 47 59 70 82 93 105 117 128 140
300 kbit 15 29 43 57 71 85 99 113 127 141 155 169
400 kbit 16 32 48 64 80 96 111 127 143 159 175 191
500 kbit 18 35 52 70 87 104 122 139 156 173 191 208
600 kbit 19 38 56 75 93 112 130 149 167 186 204 223
700 kbit 20 40 59 79 98 118 137 157 176 196 215 235
800 kbit 21 41 62 82 103 123 144 164 184 205 225 246
900 kbit 22 43 64 85 107 128 149 170 192 213 234 255
}3::? 22 44 66 88 110 132 154 176 198 220 242 264

Comment. At pc = 0.20, the number of Fragments increases almost linearly with A: at I = Iy = 1,000 kbit, the value
rises from 22 Fragments at A = 1 to 264 Fragments at A = 12. For a fixed A, the increase with I is controlled and
logarithmic, because I and Iy enter the formula through the log, term. Lower values of pc require stronger dispersion
and therefore generate a larger number of Fragments.

Table — Composite Information Density pc = 0.15

Ic =In ) A=10 A=11 A=12
10? 11 22 32 43 53 64 74 85 96 106 117 127
kbit

200 kbit 16 31 47 62 78 93 109 124 140 155 171 186

300 kbit 19 38 57 75 94 113 132 150 169 188 206 225

400 kbit 22 43 64 85 106 127 148 170 191 212 233 254

500 kbit 24 47 70 93 116 139 162 185 208 231 254 277

600 kbit 25 50 75 99 124 149 173 198 223 247 272 297

700 kbit 27 53 79 105 131 157 183 209 235 261 287 313

800 kbit 28 55 82 109 137 164 191 218 246 273 300 327

900 kbit 29 57 85 114 142 170 199 227 255 284 312 340
}3)(1(: 30 59 88 118 147 176 205 235 264 293 323 352

Comment. At pc = 0.15, the number of Fragments increases almost linearly with A: at I = Iy = 1,000 kbit, the value
rises from 30 Fragments at A = 1 to 352 Fragments at A = 12. For a fixed A, the increase with I is controlled and
logarithmic, because I and Iy enter the formula through the log, term. Lower values of pc require stronger dispersion
and therefore generate a larger number of Fragments.
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Table — Composite Information Density pc = 0.10

I(; = IN =1 A=2 =3 A=10 A=11
100 kbit [ETG 3 48 64 80 96 111 127 143 159 175 191
200 kbit Y] 47 70 93 117 140 163 186 209 233 256 279
300 kbit RS 57 85 113 141 169 197 225 253 281 309 337
400 kbit [JEEY) 64 96 127 159 191 222 254 286 317 349 381
500 kbit [ER 70 104 139 173 208 243 277 312 346 381 416
600 kbit [INED 75 112 149 186 223 260 297 334 371 408 445
700 kbit [T 79 118 157 196 235 274 313 352 391 430 469
800 kbit [ 82 123 164 205 246 287 327 368 409 450 491
900 kbit IR 85 128 170 213 255 208 340 383 425 468 510
}(‘l’)"i‘t’ 44 88 132 176 220 264 308 352 396 440 484 528

Comment. At pc = 0.10, the number of Fragments increases almost linearly with A: at I = Iy = 1,000 kbit, the value
rises from 44 Fragments at A = 1 to 528 Fragments at A = 12. For a fixed A, the increase with Igis controlled and
logarithmic, because I and Iy enter the formula through the log, term. Lower values of pc require stronger dispersion
and therefore generate a larger number of Fragments.

Cross-density comparison at I¢ = Iy = 1,000 kbit

Overall interpretation. For the same information size, decreasing pc increases the required fragmentation because the
System is enforcing a lower admissible composite density. A is the direct intensity parameter and scales the result
almost linearly. I and Iy increase the fragment count more slowly, since they are inside the logarithmic term.
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CNVS Theory — Appendices A and B

Mathematical Formulations and Complete Symbol Table

These appendices collect the principal formulas, definitions, constants, parameters, variables and
indices used in the CNVS framework as developed in the current manuscript.

Appendix A — Complete Mathematical Formulations

A.1 Object, Encoding and Structural Representation

No. Formula / Definition Meaning

1 Oy Object to be verified

2 1(0y) Complete informational structure associated
with the object.

3 1(0,) = Encode(1(0,)) Encoded binary representation used by the
System.

4 E(t) = Struct(I(Oy), t) Structured element set generated from the
encoded representation at time t

5 L(t) € {0,1}" Finite binary representation admitted by the
System.

6 0, - 1(0,) - 1(0,) - E(t) Chain of generation of the verification
instance.

7 Dec(T(t)) = L(t) Decoded information for authorized agent

8 Dec(I(t)) # L(t) Unauthorized decoding condition

A.2 Structural Universe and Structured Element

No. Formula / Definition Meaning
1 S 273 ,e7(Id; X Dy X Aty X Obs,™ X P(P)) Structural universe of admissible elements
2 G 2 {(E(), R(t), C(1)) | E € P:(S), RS E space of possible states
xE,C C C}
3 Id, € B" Identifier domain
4 D, S B" Data domain
5 At € B’ Attribute domain
6 Obs, € B’ Observation domain
Obs," 2 Obs, W {1}
7 P = {Valid, Invalid, Transferable, Blocked, Set of logical properties
Verified, Suspended, Redeemable, Broken,
Misinterpreted, Ambiguous, Accepted, Non-
Final, Inconclusive, Doubtful, ...}
8 s =(g, (id, d, a, obs, p)) € Structured element
9 s;(" = (oj, (id;, d;, a;, obs;, pi)). i_structured element
10 Pi = mo(Vioeal(s1)) Properties generated by Local verification
11 P, = f(D,, At;, Obs;) Alternative property expression
12 PiC P(P) Property inclusion
A.3 State and Relations
No. Formula / Definition Meaning
1 S(t):= E@®),R(®),C State of the System
2 E®CSS Set of structured elements
3 R(t) € E(t) x E(t) Relations among structured elements
4 C={c, ..., q} Deterministic invariants
5 If E(t) = {s1, s2}, then E(t) x E(t) = {(s1, 1), Cartesian product example
(51, S2), (52, 51), (82, S2)}
6 (si, 8) € R(t) # (55, 51) € R(Y) Directional relation condition
7 (E(), R(t)) defines a directed graph Graph representation
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A.4 Local Verification and Local Admissibility

No. Formula / Definition Meaning
1 View : 8§ - {0, 1} x P(P) Local verification function
2 Viocal(Si) = (by, Pi) Local verification output
3 b€ {0, 1} Boolean Local outcome
4 Admy(s) =1 < m;(Viea(s)) = 1 Local admissibility
5 Ter'(t) 2 {s € Ter(t) | Admy(s)=1} Locally admissible terminal fragment set.
6 Conva. i(D;, Obs)) Local convergence operator
7 bi = 1 if Convai(D;, Obsi|At ;) = 1; otherwise | Boolean convergence outcome
bi =0
8 |Di — Obsi| < eaci Quantitative convergence condition
9 bi; = Conva.i(D;, Obs;) AForm(Id;, D;, At;, Formula Local boolean
ObSi)
10 D; = Obs;, or Eqa.i(D;, Obs;) =1 Qualitative convergence condition
11 Statusi(s) = L indefinite and suspended local state
12 s € Ter(t) # Admy(s)=1 Terminal membership does not imply local
admissibility.
13 obs = 1L = Status,(s) = L Undefined Observational State: In the

absence of external input, the local
verification enters a suspended logical state
(L), blocking the transition to admissibility
without constituting an active falsification

)

A.5 Global Verification and Global Validity

No. Formula / Definition Meaning
1 Vaioba(S(1)) Global verification function
2 Valid(S(t)) = Vaioa(S(t)) = 1 Global validity
3 Vaiobal(S(t)) # Asetery Ty (Viocal(S)) Global validity is not reducible to local
aggregation.
4 Vaioal(S) = f(E,R,C) Global verification as structural function
5 Vaioa(S(t)) =1 = (Vs € Ter(t), 1;(Vioa(s)) | Global validity requires terminal local
=1) A Consr(R(t),E(t)) A Inve(S(t)) admissibility, relational consistency, and
invariant satisfaction.
6 Vaional : StateSpace — {1, 0} V_Global codomain
7 3S(t) € G such that (Vs € Ter(t), Locally valid but Globally invalid
T (Vioal(8)) = 1) A Vaioba(S(1)) =0 possibility
8 Inve(S(t)) =1 = Vae C, a(E(t), R(t)=1 condition of satisfaction of the invariants for
the acceptance of the Global State
9 Consr(R(1), E(t)) =1 = Vs, s'€E(t), ((s,s") | partial global state relationship condition

€ R() = s' € D(s))

A.6 Decomposition, Type Preservation and Recursion

No. Formula / Definition Meaning
1 D:S - PulS) Recursive decomposition operator.
2 D(si) = {su?, ..., s} Finite decomposition of an element
3 DE)=0VI|D(s)| =2 Finite branching condition
4 Ter(t) 2 {s € E() | D } (s)= Atomic element
5 Vse ,ViieD(s),fie Atype(f)e Type preservation
Q(type(s))
6 type:S - T Type function
7 s'<ps = s €D(s) Descendant relation induced by
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decomposition.

8 EO(t) = Ex(t) Nodal level
9 E™(0)= U seen@mpn D(S) Recursive decomposition levels
10 0 <n < Depth(t) Operational depth condition
11 For every finite n, E®(t) is defined in the Ideal finite recursion
ideal model
12 par : E™9(1) - E®() Parent map
13 par(s) =s = s' € D(s) Parent relation
13 N; € EO(t), with N; := 5 Node definition
14 T(t) = E™(t), where n is the terminal Terminal fragment set
decomposition level
A.7 Conservation of Information and Non-Uniformity
No. Formula / Definition Meaning
1 1:8 - {0,1}" Semantic information extraction function
2 Rec: Pw(S) - S Reconstruction operator
3 I(Rec(D(s))) = I(s) Canonical structural information is
conserved under reconstruction.
4 Vs € 8 such that D(s) # B, Lyayiead(s) = Z ¢ Non-uniform fragment size condition
€D(s) Ipayload(fi)
Hfa,fb (S D(S) such that Ipayload(fa) # Ipayload(fb)
5 3 ve s J1(8N)] > [1(5)] Payload plus structural overhead inequality.
6 |Z(S)| = Ipaytoad(s) + Imetadata(S) Total structural information decomposes
into semantic payload and metadata.
7 O T 5(0) = LO(D) Fragmental conservation under non-uniform
distribution
8 3f., £, € D(S): Tpayiosa(fa) # Loayioaa(fs) Non-uniformity condition
A.8 State Transition Law
No. Formula / Definition Meaning
1 S(t) - S(t+1) State transition
2 S(t+1) = T(S(t), U(t)) Transition function
T:SxU > 25
3 S(t+1) = S"if Vaioba(S) = 1 Verified transition set
S(t+1) = S(t) if Vgioa(S') =0
4 Vaona(S(t+1)) =1 Global transition condition
5 S' € T(S(1), U(1)), with Vgiea(S") = 1 Transition subset condition
A.9 Knowledge and Information Levels
No. Formula / Definition Meaning
1 Ki() < 1(0) Knowledge as accessible information
2 Ta(t) = (E(), R(t), C) Global information
3 Ta(t) = I(S(1) Information of state
4 1(t) = I(E(1) Semantic Global Information
5 Ka(t) & Is(t) Semantic Global knowledge
6 In(t) = I(Ni(Y) Nodal information
7 Kn(t) 2 In(t) Nodal knowledge
8 L) = I(si™() Level information
9 Ku®(t) < LO(0) Level knowledge
10 I(0)=1(s;"(1) Fragment information
11 Kr = Kroal Fragment/Local knowledge equivalence
12 Kx(t) 3 Ix(t) Fragment knowledge
13 Ix(t) & L1 € In(D) < Io(t) Information hierarchy
14 X eT® Verifier fragment assignment
15 J:7@® - {0,1}" Information return function
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16 K:Vx8§ - N Verifier knowledge

¥ (v, ) = verifier-accessible knowledge

for verifier v assigned to terminal fragment

f
17 Kve(vj, 1) £ Ke(t) £ Ix(t) Limited verifier knowledge
18 Kve(t) 3 In(t) Verifier lower than nodal information
19 Kve(t) # In(t) Verifier not equal to nodal information
20 Kve(v;, 1) £ Ke(t) & Kn®(1) & Kn(t) & Ko(t) | Knowledge hierarchy
21 Assign(f)® - v; Assignment function
22 Tr(H)=Enc(Ix(t)) Encoded fragment information
23 Kve(t) £ T_F(t) Verifier knowledge of encoded fragment
24 Tmin(2) < (v, f) < Tpu(f) < Low(s) K Global relations

Tciobal(S(t)

A.10 Information Density

No. Formula / Definition Meaning

1 pn(t) = [Te(0)]/ [In(t)] Local/nodal information density
2 pa(t) = |Is(®))/| Is(t)| Global information density

3 pen(t) = [InO)/ [Te(b)] Relative Nodal Density

4 pc(®) = (L) / [In®)] )* - (1) / [Ta(t)] )P Composite information density
5 o, B, € [0,1] and a+B,=1 Weight constraints

6 p > € = Reject(S) Density rejection rule

7 pn(t) < en and pg(t) < &6 Local/Global density thresholds
8 pc(N;, t) < ec Composite density threshold

9 pc(t)>ec = Depth(N;, t+1)>Depth(N;,, t) Density-triggered decomposition
10 Depth(N;, t+1)>Depth(N,, t) = pc(t+1)<pc(t) | Depth reduces composite density
11 Depth(Nj, )1 = po(t)! Depth relation

A.11 Adaptive Decomposition and Fragment Count

No. Formula / Definition Meaning

1 (In(t2)>In(t1)) V (Is(t2)>Ic(t1)) = Depth(N;, Depth growth condition
t2)>Depth(Ni, tl)

2 Fragments(N;, t) = y(In(t), pc(t)) Fragment count per node

3 Fragments(N;, t) = [EPP N0 Terminal Fragments per node

4 Fragments(t) = %; Fragments(N,,t) Total terminal Fragments

5 |7 (t)|=Fragments(t) Terminal set cardinality

6 T(t)=U; ELPMN-19(1) Terminal set

7 Depth(N,t) = f(pc.i(t)) = f(Ini(1), Is(t) Depth as density function

8 [Vex™®(t)] > |[Fragments(t)| External verifier requirement

A.12 Information Restriction Principle and Fragmentation Function

No. Formula / Definition Meaning
1 1/(pc(t) - NP Control reciprocal expression
2 Logy(1 + Is(1)) Global information growth term
3 Fu()=A[1/(pc - N(0)*Y) - logx(1+(Is(t) Fragmentation function
+In(©)/10)]
4 Fy()=1, Fx() €N Fragment count domain
5 At = F,t Lambda monotonicity
6 Ic1, Int = Ft Information monotonicity
7 It = Fi1 Reference unit monotonicity
8 N1 = Fyl Node count monotonicity
9 Fx 1 = Kur(t)/Is(t) | Knowledge decreases with fragmentation
10 Kve(t) # In(t) Restriction against node reconstruction
11 Kve(t) # Ig(t) Restriction against Global reconstruction
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12 I:(D)=L"()/Fx(t) Average fragment information

13 (pcs A, To, N(t)) = Fx(t) = Ie(t) = Kye(t) Restriction chain

14 limm w0 SUPvew, s ¢ Terq, fen(s) K (V,f)/ Tiorai(S) = 0 Verifier knowledge becomes negligible
relative to global information.

15 limyp x@ -~ pn()=0 Nodal density limit

16 o(D) = I(G;F.)/H(G) Normalized Informational Utility of a
Fragment

17 Kyr(t+1) < Kye(t) Knowledge reduction across time

18 T€(0,1) Minimum normalized amount of useful information
required for unauthorized reconstruction.

19 qo <t= lim, . «P[Z" iz Yio (D)) 2 Weighted Emergent Security Theorem

n]=0
20 cTer() x 2 - stochastic operator for injective assignment

of Ter(t) to the Verifier

A.13 Entropy and Mutual Information

No. Formula / Definition Meaning

1 H(Iy | Kve™(j, £)) > H(Ix) — €n Residual uncertainty about nodal
information remains asymptotically close to
full uncertainty.

2 I(Kvg;In) = 0 Compact intuitive notation for mutual
information minimization.

3 I(Ix ; Kvi™(j, t)) < &, with e, — Oasn — o | Verifier-accessible knowledge reveals
asymptotically negligible information about
nodal information.

4 Pperm = 1/ 11! Random reconstruction probability

5 [Kve®()| / |Ic(t)] — O Verifier-accessible knowledge becomes
asymptotically negligible relative to Global
Information.

6 € — 0asn - o Vanishing leakage/error term under

increasing fragmentation.

A.14 Emergent Security Scaling and Adversarial Knowledge Bounds

No.

Formula / Definition

Meaning

1

Ir= <I>(q1, Q2,..., Qm)

Defines the functional reconstruction of
global information Ir based on the
intercepted fragments

1=ft(H, R, C)

Establishes the system's critical threshold t
as a function of entropy, relations, and
collusion model

qok < T = limk_« P[Zi-* Yio(D;) > tk]=0

Asymptotic security bound: successful
attack probability converges to zero as the
number of terminal fragments k tends to
infinity, provided intercepted information
remains below t

k. = [tk] = Critical Threshold value

Defines the discrete critical threshold T,
representing the minimum number of
fragments required for system compromise

Pcoll(n) = X [t-n] (n 5 k) qk (1 - q)"'k

Expresses the cumulative binomial
probability P.u(n) of independently
compromising at least k. fragments

q<t = lim,.«Pou(n)=0

Asymptotic decay of binomial collusion:
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global compromise probability collapses to
zero if g <t

D(t|[g)=tlog (v @) + (1 — 1) log (1 - 1)/(1
-q)

Defines the Kullback-Leibler divergence
D(t||q) between the security threshold T and
the compromise probability q

P(X/nx 1) <™l

Chernoff/KL bound

Pou(n) <e -nD(t[|q)

Chernoff/KL upper bound for the
unweighted independent Bernoulli
compromise model.

10

C\)(Di) = I(G, Fl)

Quantifies a fragment's informational weight
(D) as the mutual information between the
global invariant G and the fragment F;

11

o(D) = H(G) - H(GIF)

Reformulates fragment weight via Shannon
entropy, measuring the uncertainty reduction
regarding the global state

12

o(Dy) = I(G; F) /H(G)

Defines the normalized informational weight
of a fragment on a [0, 1] interval

13

o =1/n 2", (.\)(Dl)

Calculates the average normalized
informational weight & across all n
fragments

14

E[X" Yio (D) 1=q X0 (D) = nqo,

Expected value of the adversary's
cumulative information under an
independent compromise probability q

15

Peomp=q * (1-Q) Pint

Defines the generalized compromise
probability p_comp combining independent
breach q and inference probability pin

16

P(Ccomp_i | Ccomp_l; LERS) Ccomp_{ifl}) < Pcomp-

Uniform upper bound on the conditional
probability of compromising the next critical
fragment after any sequence of previous
compromises.

17

P(Rec*) £ Peomp™

Upper bound for total reconstruction
probability P(Rec/*) under dependent
collusion requiring m fragments

18

P(ReC*) < Hmi:1 Pcomp = pcompm

Derives the dependent reconstruction bound
by applying the chain rule to conditional
probabilities

19

Muin = [10(1) / 10(Peomp) |
0<Peomp<lene(0,1)

Architectural feasibility constraint mm
required to maintain reconstruction
probability below a target threshold n

20

P(Rec”) <q"

Ideal non-inferable critical-fragment case,
obtained when piy¢ = 0 and therefore peomp =

q.

21

Kaav = Ziea (D(Di)

Quantifies total adversarial knowledge Kiav
as the sum of intercepted fragments'
informational weights

22

pinf = V(Kadv)

Defines inference probability p_inf as a
function v of accumulated adversarial
knowledge Kaav

23

Peomp = q + (1-q) V(Kaav)

Total compromise probability pcomp explicitly
integrating the knowledge-dependent
inference function

24

P(Rec”) < [q+ (1-q) v(Kaaw)™

Generalized Emergent Security Bound:
maximum reconstruction probability when
attackers dynamically infer missing data

25

P(X > 1k) < exp( —2(tk—p)? / Zi-i* o(Di)?)

Hoeffding-type concentration bound for
independent bounded weighted fragment
contributions.

26

H(Xs | Ms) = H(Xs) = Viop

Bounded Topological Leakage: The
quantitative limit y,, of semantic
information (Xs) that structural topology or
metadata (Ms) can inadvertently expose to
the adversary.
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27 Hoo(dumiss | VieWaay) = himin Min-Entropy Residual: The strictly positive
entropy margin that the missing critical
fragment (dmiss) must maintain with respect
to the opponent's total information view
(Viewaay).

28 Ping < 27-mn Min-Entropy Inference Bound: The absolute
upper bound on the probability of
deterministic inference by the adversary,
derived directly from the entropy margin.

29 pine(t) 2 1 — E[H(S(t) | W(1))]/ H(S(to)). Entropy-Driven Dynamic Inference: A proxy
model of inference probability based on the
dynamic erosion of global entropy over time
due to compromised nodes W(t).

A.15 Axioms

No. Formula / Definition Meaning

1 S € Ecand(t) # Admy(s)=1 Axiom I: raw structural membership is
verification-independent.

2 Ter* ()2 {s € Ter(t)|Adm.(s) = 1} Locally admissible terminal subset.

3 S€G" = Vawa(S) =1 Accepted state validity depends on Global
Verification.

4 D(s)=0 V |D(s)[=2 Axiom II: finite recursive decomposition

5 3., £ € D(S): Tayioad(fa) # Tpaytoad(fh) Axiom II: non-uniform fragmentation

6 A Tert) xE -V Axiom II: randomized injective assignment.

fi # f; = Af,8) # AL}, &)

7 Rec(fD(S)) =g Axiom II: reconstructibility up to canonical
encoding.

8 Vaiba(S(t)) # Local OK(Ter(t)) Axiom III: Global validity is not reducible
to Local validity

9 Vaibal(S(t))=TRUE < LocalOK(Ter(t)) A Axiom III: Global validity requires local

Consr(R(t),E(t)) A Inve(S(t)) admissibility, relational consistency, and
invariant satisfaction

10 3S(t) such that Local OK(Ter(t)) =1 A Axiom III witness: locally adm terminal

Vaina(S(t)) =0

checks may still fail Global Verification
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Appendix B — Complete Symbol Table

B.1 Objects, Information and Encoding

Symbol Type / Domain Definition Meaning

Oy Object / reality Object to be verified Empirical or abstract entity
whose existence is to be
attested.

X Index / domain label Identifies information domain Used for Global, nodal,
fragmental, Local or object-
related domains.

1(Oy) Function 1(0y) Complete informational
structure associated with object
O..

Ik Binary information Ix= Encode(Oy) Finite encoded representation of
O

Iu(t) Time-dependent information L() € ({0, 1} Existing information at time t
for domain x.

1(0,) Encoded information 1(0,)=Encode(I(Oy)) Encoded representation of the
informational structure.

Enc Function Enc:{0, 1}" - {0, 1}" Encoding/encryption function.

Dec Function Dec:{0, 1}" - {0, 1}" Decoding/decryption function.

Encode Function Encode: I1(O,) - I(Oy) Maps the object information
structure into an encoded
representation.

Struct Function Struct(I(Os), t)=E(t) Generates structured elements
from the encoded representation
at time t.

{0, 1}* Set All finite binary strings Universal representation domain
for information in the model.

z Natural number z€IN Exponent/length-domain marker
for binary information
representation.

B.2 Structural Elements and Components
Symbol Type / Domain Definition Meaning
S Set S 2 Yscq(Ids X Dy x Aty X Structural universe of admissible
Obs,* x P(P)) elements.

Si Structured element s;= (id;, Ds, At;, Obs;, P;) Single structured element of the
System.

si(t) Time-dependent element s; at time t Structured element considered at
time t.

id; Identifier idie 1d Unique identifier of element or
fragment.

1d Set Id € {0, 1}~ Domain of admissible
identifiers.

D; Data component D;eD User-declared or internally
represented data value.

D Set Dc {0, 1} Domain of admissible data
values.

At; Attribute component At € A Observable attribute/class to be
verified.

At Set Atc {0, 1}" Domain of admissible attributes.

ajj Attribute item a; € At; Single attribute in the attribute
set.

Obs; Validation/evidence component | obs; € Obs," External verifier statement,
measurement or attestation.

Obs Set Obs € {0, 1}" Domain of admissible
validations.

P Property set Pe? Logical properties generated or

Pi= le(VLocal(Si))

used by verification.
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P Set is the finite set of admissible Universe of admitted logical

logical properties properties.

P(P) Power set All subsets of P Power set of P, i.e. the set of all
finite subsets of P.

Valid Property Valid € P Logical condition indicating
admissibility/validity.

Invalid Property Invalid € P Logical condition indicating
failed validity.

Blocked Property Blocked € P Logical condition blocking
operations.

Transferable Property Transferable € P Logical condition allowing
transfer.

Suspended Property Suspended € P Non-final pending condition.

Doubtful Property Doubtful € P Uncertain or questionable
condition.

1 Logic state Bottom/ suspended 1 denotes absence of external
observation. It is a structural
placeholder in Obs,* and is
neither successful nor failed
convergence.

B.3 State, Relations and Invariants

Symbol Type / Domain Definition Meaning

S(t) State S(t) =E(1), R(1), C State of the CNVS at time t.

E(t) Set E®)csS Set of structured elements
admitted at time t.

R(t) Relation R(t) € E(t)XE(t) Directional relations among
structured elements.

C Set C={cy,...,q} Set of deterministic invariants.

G Invariant geC Single deterministic System
constraint.

j Natural number JEIN Number of invariants.

Consistent Predicate Consistent(R(t)) Checks structural/logical
consistency of relations.

StateSpace Set Domain of Vgiobal Set of all possible states.

t Time index t € Time Time parameter.

ty, t Time indices <t Two ordered time instants.

TRUE, FALSE Boolean values {TRUE, FALSE} Logical outputs of verification
predicates.

0,1 Boolean values {0,1} Binary form of verification
outcome.

B.4 Verification, Admissibility and Convergence

Symbol Type / Domain Definition Meaning
Vioal Function Viea : 8 - {0, 1} x P(P) Local verification function.
Vaiobal Function Vaiena: StateSpace - {0, 1} Global verification function.
b Boolean b€ {0, 1} Local Boolean verification
output.
W Projection m(b;, P) =b Extracts Boolean component
i mo(by, Pi) = P from Local verification output.
Adm,, Predicate Admy(si, ) © T(Viea(si(t)) = 1 Local admissibility predicate.
Conv (type 0) Function / predicate Conv : At, x Dy X Obss" - {0, | Attribute-conditioned
1} convergence between declared
if and only if: obs € Obss and verified data.
Eqaci Predicate Eqaci(D;, Obs)) Attribute-specific equivalence
predicate for qualitative data.
EaLi Tolerance eaiz 0 Attribute-specific admissible
tolerance.
valid Logical condition valid € P or valid(S) Validity status.
Reject Operation Reject(S) State rejection operation when
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constraints fail.

Formal function (form)

Function

Form, : Ids X Dy X Aty X Obs,*
- {0, 1}

Formal admissibility function

B.5 Decomposition, Reconstruction and Type

Symbol Type / Domain Definition Meaning

D(s) Function D(s): S - Piinl(S) Time-indexed decomposition
function.

D Function D(s) General decomposition function
applied to state.

D® Function DO(S(1)) n-level decomposition of state.

Pin(S) Set Finite subsets of § Codomain of decomposition.

s' Fragment / descendant s'€ D(s) Generic descendant fragment.

5™ Fragment j-th fragment of element i at Structured descendant at

level n decomposition depth n.

i Index ieN Element or node index.

j Index je€N Fragment/verifier/Local
component index.

ki Natural number 1<ki<o Number of Fragments generated
by element i.

n Natural number ne€iN Decomposition level/depth index.

d Natural number deN Depth index used for terminal
Fragments.

1 Index leN Additional fragment/node index.

type Function type:S - T Maps element to structural type.

T Typeset § - T Codomain of type set of admissible structural types.

<5 Relation s' < a9 Descendant relation under
decomposition.

Q(o0) Type semantic preservation Qo) T the type of the children is

type(fi) € Q(type(s)) compatible with the parent type,
it is not necessarily identical
par, Function par:E™ (1) - E®(1) Parent map.

Rec, Function Rec: Pin(S) > S Reconstruction operator.

I Function I:5 - {0, 1}" Information
extraction/representation
function.

1 semantic informational content

I structured informational state
including relations and
constraints

Tpayload Information component Payload information Original informational content.

T inetadata Information component Metadata/overhead information IDs, keys, signatures, markers or

reconstruction overhead.

B.6 Levels, Nodes and Fragments

Symbol Type / Domain Definition Meaning
EO(1) Set Nodal level Level-zero elements/nodes.
E™(t) Set Elements at decomposition level | Set of Fragments at depth n.
n
Ex(t) Set Nodal elements Alternative notation for nodal
level.
N Node Ni:=s{® i-th nodal structured element.
Depth(t) Natural number Maximum operational Global operational depth.
decomposition depth at time t
Depth(Nj, t) Natural number Depth of node N; at time t Node-specific decomposition
depth.
T(t) Set Terminal fragment set Set of terminal Fragments at
time t.
Fragments(N,,t) Natural number |EPer®-E0) 1)) Number of terminal Fragments
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in node N_i.

Fragments(t) Natural number %,; Fragments(N;, t) Total terminal Fragments in the
System.

Fx(t) Natural number F(t) = Fragments required at Number of terminal Fragments

time t required by fragmentation rule.

Y Function Y(n(),pc(t) Monotone fragment-count
function.

Sub Function Sub(s;™) Set of subFragments of an
element.

r Function I' = Mpax/ Mmin Granularity Global Information’

B.7 Knowledge and Information Levels

Symbol Type / Domain Definition Meaning

Ki(t) Knowledge Ki(t) L I(t) Semantic Accessible/known
information in domain x.

Ig(t) Information I(t) = (E(1), R(Y), C) Global information of the
System.

Ks(t) Knowledge Ks(t) < Is(t) Semantic Global knowledge.

In(t) Information In(t) = I(Ni(t)) Semantic Nodal information.

Kn(t) Knowledge Kn(t) < In(t) Semantic Nodal knowledge.

L(0) Information Information of all Fragments at Level information.

level n

Ku"(t) Knowledge Ku"(0) < L1 Semantic Level knowledge.

Tx(t) Information Ix(t) = I(s;™(t)) Semantic Fragmental
information.

Ke(t) Knowledge Ke(t) < Ix(t) Semantic Fragmental
knowledge.

Krocl Knowledge Kroca = Kr Local knowledge.

K(v,b) Knowledge Verifier fragment knowledge Knowledge available to external
verifier.

Kig(t) Knowledge Kig(t) < Ig(b) Global knowledge.

In(t) Information Iin(t) = T(Ni(1)) Nodal information.

Te(t) Information Te(t) = (5™ (1), Rsijy Cijy Vioca) Structured fragmental
informational representation.

Ku"(t) Knowledge Ku"(1) < i) Level knowledge.

Kve(t) Knowledge Knowledge of verifier v; Verifier-specific fragment
knowledge.

Vi Agent External verifier j External Verification Agent.

Kaav Adversarial knowledge Ky = Ziea 0(Dj) Total normalized informational
weight controlled by the
adversarial coalition.

Xi(t) Random variable Xit) e T Terminal fragment assigned to
verifier v_j.

K2 Function $:T(1®-{0,1}" Information-content return
function.

g Function Encoded information-content Returns encoded information

return associated with a fragment.

< Relation K=1I Accessible knowledge is
bounded by information.

= Strict relation K31 Strictly incomplete knowledge
relation.

¢ Strict subset AcB A is a proper subset of B.

# Non-implication A+#B A does not imply/reconstruct B.

B.8 Density, Thresholds and Protocol Parameters

Symbol Type / Domain Definition Meaning

pn(t) Density pn(O)=[Te(O))/In(t)] Local/nodal information density.
pa(t) Density pc(O)=[T(O))/Ic(t)| Global information density.
pan(t) Density pan(t)=In(®)|/|1c(t)] Segmental nodal/Global density.
pc(t) Density pe =(|Tel/[InD)* (Te/|Tc )PP Composite information density.
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o Weight a€[0,1] Weight of nodal density
contribution.

Bo Weight B, €l0, 1] Weight of Global density
contribution

Bn Parameter BveR Node-count exponent in
fragmentation rule

en Threshold en€ (0, 1] Nodal density threshold.

£ Threshold g€ (0, 1] Global density threshold.

£c Threshold ec€ (0, 1] Composite density threshold.

€ Generic threshold e € (0,1] Generic rejection threshold.

A Coefficient AE R Fragmentation intensity
coefficient.

I Constant LER- Reference information
unit/scale.

N(t) Natural number N(t) = |Emd(t)| Number of active internal
nodes/elements used in
fragmentation rule.

Eindt) Set Internal/structural elements Internal nodes up to terminal
level.

Eem(t) Set Terminal Fragments Terminal elements only.

Ve 2red(1) Set Required external verifiers Verifier set required to sustain
decomposition.

p Density Generic information density Used in rejection rule
p>e=>Reject(S).

X Threshold x>0 Critical payload-to-metadata
threshold below which
fragmentation becomes
operationally inefficient or
semantically weak.

n Probability threshold n € (0,1) Target upper bound for
unauthorized reconstruction
probability, used in P(Rec*) <.

K Expected value p = E[X] = qkw expected weighted adversarial
information

T Threshold value 1€ (0,1) critical reconstruction threshold.

B.9 Entropy, Probability and Randomness

Symbol Type / Domain Definition Meaning

H Function Entropy function Shannon Entropy in bits.

H(In) Entropy Entropy of nodal information Uncertainty of complete nodal
information.

H(InKvE) Conditional Entropy Entropy of Iy given verifier Residual uncertainty after

knowledge observing Local knowledge.

1(A; B) Mutual information 1(A;B)=H(A)-H(A|B) Information shared between A
and B.

I(Kvg;1In) Mutual information ~0 ideally Verifier knowledge should
reveal negligible nodal
information.

p Probability p=1/n! Random reconstruction
probability for n distinguishable
Fragments.

n! Factorial Product 1---n Number of permutations of n
distinguishable Fragments.

D Function Non-uniform distribution Distributes information into

function non-uniform Fragments.

Ir;(t) Information Information of fragment j j-th fragmental information
quantity.

j, k Indices j; k€N Fragment indices used in non-
uniformity statements.

X Random variable X =% Yio(D) Weighted adversarial
information acquired by
colluding verifiers.

\Y Function v:[0,1] > [0, 1] Non-decreasing function
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mapping adversarial knowledge
to inference probability.

Viewa

Information

Adversarial observation

Total adversarial view,
including compromised
weighted fragments, observable
structural metadata, and public
invariant class. It does not
include the hidden instantiated
invariant structure Ciy.

Entropy function

min-entropy

A cryptographic measure that
quantifies the worst-case
predictability of a variable or
fragment.

hmin

Entropy Threshold

Hmin > 0

The minimum vital threshold of
residual min-entropy required to
guarantee the semantic non-
inferability of the data.

Cinl

Hidden invariant structure

Cint = <6C; Rint; Bint>

Internal instantiated invariant
parameters, relational topology,
and hidden binding map.

Xs

Random variable

Semantic payload

Variable representing the pure
semantic information (the real
data or Iy associated with the
system.

Ms

Randome variable

Structural metadata

Variable representing the
topological and coordination
information (Imewdaa) €Xposed by
the system.

dmiss

Semantic data

Missing payload

The internal payload associated
with critical fragments that are
not under the direct control of
the adversary.

Ytop

Boundede parameter

Yiop = 0

Maximum tolerance for
information "leakage" between
the coordination structure and
the pure semantic data.

probability distribution function

He : Wini(t) - [0, 1]

describes the assignment
probability distribution over
injective assignments. The
distribution need not be uniform
and may be weighted by risk,
criticality, redundancy, or
operational constraints.

Hassign

Assignment Entropy

Hassign(K)=log,(k!)

indicates the uncertainty in
assigning each single task to a
specific verifier v, considering
the entire space of possible
combinations starting from a
defined number of atomic
elements in the space Ter(t)

B.10 Operators, Logical Symbols and Set Symbols

Symbol Type / Domain Definition Meaning

€ Membership XEA x belongs to set A.

& Non-membership XEA x does not belong to set A.
c Subset ACB A is subset of B.

o Proper subset AEB A is strictly contained in B.
X Cartesian product AxB Set of ordered pairs.

A Logical AND AAB Both propositions hold.

\ Logical OR AVB At least one proposition holds.
= Implication A=B A implies B.

= Equivalence A-B A iff B.

# Inequality A#B A is not equal to B.
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~ Approximation A~B Approximately equal.

= Structural equivalence A=B Equivalent as structured
representation.

v Universal quantifier Vx For all x.

3 Existential quantifier Ix There exists x.

% Summation % a Sum over index i.

|A| Cardinality or length Cardinality of set A or bit-length | Context-dependent size

of string A measure.

lim Limit Limy_ (%) Asymptotic behavior.

[] Ceiling Smallest integer > argument Used to convert real-valued
fragmentation expression to
integer count.

log, Logarithm Base-2 logarithm Information-scale growth term.

IN Set Natural numbers Indices and counts.

IR-o Set Positive real numbers Positive coefficients and
thresholds.

¥i] Empty set No elements Possible empty set symbol

where needed.

B.11 Probabilistic Security Symbols

Symbol Type / Domain Definition Meaning

X Random variable X =%YioD) Weighted adversarial
information

Y Bernoulli indicator Y € {0,1} Bernoulli adversarial assignment
indicator

q Probability / fraction q € [0,1] Collusive assignment
probability or collusive fraction

o(D) Normalized weight o(D) = I(G;F)/H(G) Normalized informational utility
of fragment F_i

[0} Average normalized weight o = (1/k) X o(Dj) Average normalized fragment
utility .

T Threshold T € (0,1) Critical reconstruction
threshold: minimum normalized
useful information required for
unauthorized reconstruction.

p Expected value p = E[X] = gk Expected weighted adversarial
information under independent
assignment

Rec” Event Rec’={X >r} Unauthorized reconstruction
event

k Natural number keIN Number of terminal fragments

r Threshold value r=1k Non-normalized reconstruction
threshold

H(G) Entropy H(G)>0 Entropy of the random variable
representing globally admissible
configurations

B.12 Dependent Collusion Symbols

Symbol Type / Domain Definition Meaning

Ceomp_i Event Ceomp_i = “F; is compromised” Event that the i-th critical
fragment F; is directly controlled
or successfully inferred by the
adversarial coalition.

m Natural number meE N Number of critical low-inference
fragments

| Pint Probability pint € [0, 1] Inference probability

Peomp Probability Peomp = q + (1-Q)Pin Single-fragment compromise
probability under dependent
collusion.

n Probability threshold ne@1 Target attack probability

\% Function v:[0,1] - [0, 1] Non-decreasing function

mapping adversarial knowledge
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to inference probability.

Kaav Adversarial knowledge Kaav = Ziea (D)) Adversarial knowledge

A Index Set A c {1,...k} Set of fragment indices
controlled by the adversarial
coalition.

B.13 Design / Feasibility Symbols

Symbol Type / Domain Definition Meaning

Iinin Information threshold Ir = Lnin Minimum semantic information
required for honest verification

Mynin Natural number Muin = [IN(N)/IN(Peomp) | Minimum number of critical

0 < Peomp < 1,n €(0,1) fragments required to satisfy

P(Rec) <1

Mimax Natural number Myax € IN Maximum number of critical
fragments compatible with I >
Imin

X Threshold x>0 Critical payload-to-metadata
threshold

r Ratio I' = Myax/Muin Feasibility condition: the

maximum semantically
admissible fragmentation must
be at least as large as the
minimum critical fragmentation
required by the target security
bound.
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Appendix C — Case Study

Case Study: Physical Instantiation and Epistemic Isolation of Global Invariants

To operationally illustrate the Non-Reducibility Principle and the resilience of
CNVS against out-of-band collusion, consider a physical-world validation
instance. A user submits the following target state S to the CNVS system for
mapping and validation:

“Apartment A located in Building B.”

The spatial and semantic parameters defining the admissible existence of this
state include local descriptive data, such as city, street class, ceiling height,
internal layout, facade color, balcony structure, and perimeter configuration. In
addition, the system defines global invariant conditions, such as the exact floor
level and the total floor area.

Decomposition and Assignment: The Measurement Grid
The CNVS system does not send an external verifier the query:

“Check whether Apartment A is located on the third floor and has a total area
of 120 m%”

Instead, the decomposition operator D(s) fragments the target state into
atomic and apparently unrelated measurement tasks. External verifiers receive
only local measurement grids and task specifications.

For example:

Verifier A is asked to measure the ceiling height of a room at a given
coordinate.

Verifier B is asked to identify the facade color or verify the presence of a
perimeter courtyard.

Verifier C is asked to detect the number of balconies visible from a given side
of the building.

Out-of-Band Collusion: The Attack Vector
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Assume a worst-case scenario in which several verifiers collude through
external encrypted channels. By combining their assigned fragments, they may
reconstruct a partial semantic image of the target: for instance, that the system
is mapping a green building, free on four sides, with high ceilings and double-
aspect exposure.

The coalition may then attempt to inject falsified data or force the admissibility
of a similar structure. However, the colluders only know the local tasks
assigned to them. They do not know the complete relational graph, the hidden
global invariants, or the acceptance conditions used by the system.

The Invariant Trap: Global Veto

The variables “floor level” and “total floor area” may be treated as global
invariants Invc. These invariants are not directly exposed as terminal
verification tasks. No local verifier is asked to validate the total square footage
or the global elevation condition as such.

Local verification may still succeed on the assigned fragments. For example, a
ceiling height, facade color, or balcony count may be locally consistent,
allowing the corresponding Local Verification Function to return a positive
result:

T[1(VLocaI(Si)) =1.

However, local validity is not sufficient for global admissibility. During
reconstruction, the Global Verification Function Vs evaluates relational
consistency and invariant satisfaction across the recomposed state. If the
reconstructed topology fails to satisfy the hidden invariant conditions, such as
the required total area or floor level, the candidate state is rejected:

Ve(S) = 0.

Thus, even when colluding verifiers compromise the local instructions assigned
to them, they do not necessarily compromise the global admissibility
conditions. Under the CNVS assumptions of residual non-inferability, hidden
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invariants, and bounded leakage, the probability that falsified local data also
satisfy the unobserved global constraints remains negligible.

Conclusion

The colluding verifiers act inside a game whose complete victory conditions are
not exposed to them. CNVS does not rely only on the correctness of isolated
local observations. It requires the simultaneous satisfaction of local
verification, relational consistency, and global invariants. This demonstrates
why global validity is not reducible to the mere conjunction of terminal local
validations and why the Global Veto remains structurally necessary.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



Appendix D — Terminological Glossary

This glossary provides a concise terminological reference for the Closed Native
Verification Systems (CNVS) framework. Its purpose is not to replace the formal
definitions introduced in the main text, but to clarify the meaning of the
principal terms used throughout the theory.

Admissibility
Admissibility denotes the condition under which a structured element or
candidate state is accepted by the System. At the terminal level, admissibility
depends on local verification. At the state level, admissibility depends on
global verification.

Adversarial Inference
Adversarial inference is the attempt by a colluding or malicious actor to
reconstruct unknown fragments, relations, or global structure from the
information already under its control. In CNVS, adversarial inference is limited
by fragmentation, random assignment, restricted knowledge, and invariant-
based global verification.

Adversarial Knowledge
Adversarial knowledge is the information effectively available to an adversarial
coalition. It may include directly controlled fragments and any additional
information inferred from them. In the probabilistic model, adversarial
knowledge is measured through the weighted informational contribution of
compromised fragments.

Attribute / Attribute Class

An attribute is the specific class of observable property assigned to an external
verifier. It defines what the verifier must observe, measure, or report.
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Examples include weight, quantity, color, distance, timestamp, location, or any
implementation-specific measurable feature.

Axiom | — Verification-Dependent Existence
Axiom | states that no terminal element or state is admitted into the System
merely by declaration. Existence inside the System depends on verification. A
terminal element is admitted only if local admissibility holds; a state is valid
only if global verification holds.

Axiom Il — Randomized Non-Uniform Fragmentation
Axiom Il states that admissible information is recursively decomposed into
non-uniform fragments and assigned randomly to external verifiers. The
decomposition is finite, reconstructible, type-preserving, and designed to
reduce the knowledge available to any single verifier.

Axiom lll — Non-Reducibility of Global Validity
Axiom Il states that global validity cannot be reduced to the conjunction of
local verifications. Even if all terminal local checks are satisfied, the candidate
state may still be rejected if relational consistency or global invariants fail.

Closed Native Verification System (CNVS)

A CNVS is a formal verification system in which state membership, validity, and
evolution depend on internal verification processes. External agents provide
observational evidence, but the System internally determines whether the
candidate state is admissible.

Collusion
Collusion is the coordinated behavior of multiple external verifiers or
adversarial agents who share their assigned information in order to reconstruct
or violate the System.
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Pan
Pen is the relative nodal density, measuring the weight of nodal information

relative to global information. It expresses how much a node contributes to the
global semantic information.

Composite Information Density pc
Composite Information Density is the combined density measure that
integrates both local/nodal density and global density. It expresses how much
a fragment contributes relative to both its node and the global system. It is
used by the System to regulate fragmentation depth and density thresholds.

Conditional Entropy
Conditional entropy measures the uncertainty that remains about one
informational object after another informational object is known. In CNVS, it is
used to express how much uncertainty about nodal or global information
remains after verifier-accessible knowledge is observed.

Convergence Function
The convergence function is the local comparison mechanism between
internally declared data and externally observed data. It evaluates whether the
observation reported by the external verifier is compatible with the value held
internally by the System for the assigned attribute.

Critical Fragment
A critical fragment is a fragment whose absence prevents reliable unauthorized
reconstruction of a globally valid state. If a critical fragment is also non-
inferable, then its absence acts as a practical obstacle to adversarial
reconstruction.

Critical Mass

Critical mass denotes the minimum amount of useful, coherent, and
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structurally relevant information required for an adversarial coalition to
attempt reconstruction. It is related to the reconstruction threshold and to the
number of critical fragments needed to compromise the System.

Critical Threshold t
The critical threshold tis the minimum normalized amount of useful
information required for unauthorized reconstruction to become possible
within the probabilistic model. If the expected adversarial information remains
below 1, successful unauthorized reconstruction becomes asymptotically
unlikely under the stated assumptions.

Cross Entropy
Cross entropy measures the informational inefficiency of using one probability
distribution to represent another. In the CNVS discussion, it is used to explain
the difference between an actual distribution and an approximating or
adversarial distribution.

Data D;
D: denotes the internally declared data associated with a structured element or
terminal fragment. In CNVS, D; remains inside the System and is not disclosed
directly to the external verifier.

Decomposition
Decomposition is the recursive process by which a structured element is
divided into finite, type-preserving, non-uniform fragments. Decomposition
changes informational granularity without changing the structural nature of
the element.

Dependent Collusion
Dependent collusion refers to a coordinated adversarial model in which
compromise events are not assumed to be independent. Instead, the

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



probability of compromising an additional critical fragment may depend on
previously compromised fragments, but remains bounded by a conditional
compromise probability.

Density Thresholds €g, €y, €c
Density thresholds are admissible upper bounds imposed by the System on
information density. €; controls global density, ey controls nodal density, and €.
controls composite density. When these thresholds are approached or
exceeded, the System may impose additional fragmentation.

Entropy
Entropy measures uncertainty. In CNVS, entropy is used to describe the
uncertainty faced by an adversary attempting to reconstruct the correct
configuration of fragments, relations, or global admissible states.

Emergent Security
Emergent security is the property by which System security increases as a
structural consequence of scale, fragmentation, restricted knowledge, and
global invariant checks. It is not merely added externally, but emerges from the
internal architecture of the CNVS model.

External Verification Agent
An external verification agent is an actor assigned by the System to observe or
measure a specific attribute. The agent does not receive the internal declared
payload D;, but only the task specification needed to produce an observation.

Fragment
A fragment is a terminal structured element produced by recursive
decomposition. It carries only a restricted portion of the original information
and may differ in informational weight from other fragments.
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Fragmental Information I;
Fragmental Information is the semantic information carried by a terminal
fragment. It represents only a local portion of the decomposed information
and does not by itself contain the complete nodal or global structure.

Global Information Ig
Global Information is the semantic information associated with the entire
System or global state. It represents the complete semantic payload at the
global level, excluding or distinguishing from the broader structural
information plane when necessary.

Global Information Density p
Global Information Density measures the weight of a fragment relative to the
Global Information of the System. It expresses how much a fragment
contributes to the global semantic information.

Global Veto Principle
The Global Veto Principle states that global validity is not determined by the
numerical majority of locally valid observations. Even a single honest, essential,
and non-inferable observation may prevent unauthorized reconstruction if its
contribution conflicts with the collusive reconstruction and causes relational
consistency or global invariant checks to fail. In this case, the candidate state is
rejected by Vgiobal.

Global Verification Vgopal
Global Verification is the internal System-level verification function that
evaluates whether a candidate state satisfies relational consistency, recursive
reconstruction constraints, and deterministic invariants. It is not performed by

external verifiers.
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Graph
A graph is the relational structure formed by System elements and their
admissible relations. In CNVS, structured elements correspond to nodes, while
admissible directional relations correspond to edges. The graph captures both
structural dependencies and recursive decomposition topology.

Granularity
Granularity is the degree of informational resolution produced by
decomposition. Higher granularity means that information is divided into
smaller, more specific fragments, increasing epistemic restriction but also
requiring preservation of minimum semantic content.

| — Semantic Information Plane
| denotes the semantic information plane. It refers to payload content: the
meaning-bearing informational content associated with the object, claim, or
structured element.

— Systemic Structural Information Plane
I denotes the broader systemic structural information plane. It includes not
only semantic payload, but also metadata, relational topology, reconstruction
dependencies, invariant structure, and graph-level coordination information.

lo
lo is a baseline informational scale used in the fragmentation-control model. It
prevents the fragmentation function from behaving pathologically at very low
information values and helps normalize the effect of growing global or nodal
information.

Imin

Imin denotes the minimum amount of information required for a fragment to
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preserve operational meaning. Below this threshold, the fragment becomes
too poor in semantic content for honest verification to remain possible.

Independent Collusion
Independent collusion is a simplified probabilistic model in which fragment
assignment or compromise events are treated as independent Bernoulli trials.
It is useful for deriving idealized asymptotic security bounds.

Inference Probability pi.s
Inference probability is the probability that a fragment not directly controlled
by colluding agents can nevertheless be inferred from compromised
information. It represents the residual inferential power of the adversarial
coalition.

Knowledge
Knowledge is the portion of information accessible to a given actor. In CNVS,
knowledge is not identical to information: the System may contain information
that is not accessible to an external verifier or adversary.

Knowledge Restriction Principle
The Knowledge Restriction Principle states that verifier-accessible knowledge
remains structurally insufficient for reconstructing nodal or global information.
As the System grows and fragmentation increases, local knowledge becomes
asymptotically negligible relative to global information.

Kadv
K.aw denotes adversarial knowledge or the informational weight controlled by
an adversarial coalition. It may be used to model how the probability of
inference increases as the adversary controls more useful information.
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Kvr
Kve denotes the knowledge accessible to an external verifier. It is generally
smaller than fragment-level knowledge because the verifier does not receive
the internal declared payload D..

A
A is the fragmentation-control parameter. It regulates the intensity of
decomposition and affects the number of fragments generated by the System.

Local Verification V
Local Verification is the verification function applied at the terminal fragment
level. It evaluates formal admissibility and convergence between internally
declared data and externally reported observation for the assigned attribute.

Metadata
Metadata is the operational information required for fragment identification,
assignment consistency, relational reconstruction, and verification
coordination. It belongs to the systemic structural information plane rather
than to the pure semantic payload.

Nodal Information Iy
Nodal Information is the semantic information associated with a node and its
descendant structure. It lies between fragmental information and global
information.

Nodal Information Density py
Nodal Information Density measures the weight of a fragment relative to its
node. It expresses how much a terminal fragment contributes to the
corresponding nodal information.

© 2026 M. Comitato — The Theory of Closed Native Verification Systems



Object
An Object is anything whose existence, validity, or factual consistency can be
represented by verifiable information. It may be physical, abstract,
documentary, historical, or otherwise representable through admissible
evidence.

Obs;
Obs; denotes the observation, measurement, certificate, or reported value
produced by the external verifier. It is compared internally with D; through the
convergence function.

Operational Flow
The operational flow is the ordered process through which an object is
encoded, structured, decomposed, assigned to verifiers, locally verified,
recursively reconstructed, globally checked, and either admitted or rejected.

Payload
Payload is the semantic content inherited from the original object or claim. It is
the meaning-bearing informational component, distinct from metadata and

structural coordination information.

Properties P;
Properties are logical evaluations produced by verification functions. Examples
include valid, invalid, blocked, transferable, verified, suspended, accepted,
qguestionable, corrupted, or inconclusive.

Reconstruction
Reconstruction is the process by which decomposed fragments are
recomposed into higher-level structures or candidate global states. In CNVS,
reconstruction is admissible only if relational consistency and invariants are
satisfied.
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Relations R
Relations are admissible directional links among structured elements. They
define how elements are connected within the System graph and are essential
for global consistency and reconstruction.

Security
Security is the capacity of the System to resist unauthorized reconstruction,
adversarial inference, collusion, and invalid state admission under the stated
assumptions.

State
A State is the structured configuration of the System at a given time. It includes
admitted elements, relations among them, and deterministic invariants. A
candidate state becomes valid only if global verification succeeds.

State Rejection
State rejection occurs when a candidate state fails local admissibility, relational
consistency, invariant satisfaction, or global verification. A rejected state
cannot become a valid state of the System.

State Transition Law
The State Transition Law states that a candidate successor state is admitted
only if it satisfies global verification. State evolution is therefore verification-
dependent and constrained by the System invariants.

T
T is the critical reconstruction threshold. It denotes the minimum normalized
amount of useful information required for unauthorized reconstruction to
become possible in the probabilistic model.
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X
X denotes the critical payload-to-metadata threshold used to ensure that

fragmentation remains operationally meaningful. If metadata overhead
dominates semantic payload, decomposition becomes inefficient or useless.

Verifier
A verifier is an external agent assigned to perform a restricted observation or
measurement. The verifier contributes evidence but does not determine global
validity.

Veto
A veto is the blocking effect produced by a missing, inconsistent, or non-
inferable essential contribution. In CNVS, veto effects arise from global
invariants and relational consistency checks.

Weighted Fragment Utility w(D))

Weighted Fragment Utility measures how informative a fragment is with
respect to the global admissible configuration. It is often normalized so that
low values indicate weak reconstructive utility and high values indicate strong
reconstructive utility.

n
n denotes a target upper bound for the probability of unauthorized

reconstruction. It is used in the design formula for determining how many
critical low-inference fragments are needed to reach a desired security level.

€t i
€ ;i denotes the admissible tolerance threshold associated with a specific
attribute. It is used by the convergence function when comparing quantitative
declared data and observed values.
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