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Abstract

This paper presents an analytical framework linking discrete dynamical systems (the
Collatz Conjecture) with analytic number theory (the Riemann Hypothesis). Building upon
our previously established ” Unified Flow Proof,” we redefine Prime Numbers not merely
as multiplicative building blocks, but as irreducible ” Dynamic Nodes” within the odd
integer set (Ss).

We introduce a novel derivation of the ”Dynamic Prime-Generating Function”
(Gprime), & deterministic algorithm based on geometric index filtration (k # 2ij + 14 + j).
We validate this function computationally, generating over 5.7 million primes with 100%
accuracy in under 2 seconds. Finally, we demonstrate that the mechanical stability of
the Collatz flow necessitates that these prime nodes be distributed according to a precise
harmonic pattern consistent with the zeros of the Riemann Zeta function, formulating the
”Saif-Riemann Stability Law.”

1 Introduction: From Motion to Structure

In our preceding manuscript regarding the Collatz Conjecture, we demonstrated that inte-
gers obey a deterministic mechanical drainage system. However, this dynamic proof raises a
deeper structural question: What is the fundamental nature of the ”particles” flowing
through this system?

This paper focuses on the internal architecture of the set Sz (Odd Seeds). We argue that
the apparent chaos in the distribution of prime numbers is not random, but is a Necessary
Geometric Distribution required to prevent the collapse of the flow network.

2 The Fundamental Architecture of the Collatz System (.51, S, S3)

To understand the distribution of Prime Numbers, we must first define the ” Dynamic Medium”
in which they exist. The set of positive integers Z' is functionally partitioned into three
mechanical sets:

2.1 2.1. The Tripartite Classification

e Set S; (Pure Evens): Integers of the form 2". These act as ”sinks” characterized by
zero inertia, freefalling directly to 1.

e Set S2 (Composite Evens): Integers of the form m - 2™ (where m > 1 is odd). These
act as "filters,” systematically stripping the even shell to reveal the odd core.



e Set S3 (Odd Seeds): Integers of the form 2k + 1. This is the only ” Active Set” acting
as the generators of the system.

Since all Prime Numbers (except 2) reside exclusively within Sg, the central question be-
comes: How are Prime Numbers organized within S3 to sustain this mechanical
flow?

3 Prime Numbers as Exclusive Lineage Roots

Within the dynamic framework, we propose a shift from the arithmetic definition of primality
to a mechanical one.

3.1 3.1. Dynamic Definition: Nodes vs. Echoes

In the active set Sz, composite odd numbers (e.g., 9,15) act as ”interferences” or hybrid tra-
jectories resulting from the interaction of smaller generators. In contrast, Prime Numbers
act as the Original Generators or "Pure Nodes” possessing unique dynamic signatures that
cannot be derived from the superposition of other numbers.

4 Derivation of the Dynamic Prime-Generating Function (Gp.)

We now translate the mechanical definition of ” Exclusive Roots” into an explicit mathematical
algorithm using Index Filtration.

4.1 4.1. The Geometric Index k

Every element N € S3 corresponds to a unique spatial index k € ZT such that:

N(k) =2k + 1 (1)

4.2 4.2. The Criterion of Composition (Impurity)

For N to be composite, it must be the product of two smaller elements from Ss. Solving
2k+1=(2i4+1)(2j + 1) for k, we derive the Impurity Equation:

k=2j+i+j (2)

Any index k that satisfies this equation corresponds to a composite number. Conversely, any
index k that cannot be formed by this equation generates a Prime Number.

4.3 4.3. The Explicit Function

We formulate the function Gpyime(k) using the signum function as a deterministic logic gate.

Theorem 4.1 (The Dynamic Prime-Generating Function). For any integer k, the following
function generates the prime number P if k is pure, and returns 0 if k is impure:

=Ry

Gprime(k) = (2k+1)- |1 — sgn Z Z Ok, (2ij+i+7) (3)
i=1 j=i



5 Computational Validation: The "SEMT Sieve” Algorithm

To demonstrate the practical validity and efficiency of the derived Dynamic Generating Func-
tion, we translated the theoretical impurity equation (k # i + j + 2ij) into a high-performance
computational algorithm implemented in C language.

5.1 5.1. Experimental Setup
The algorithm was tasked with generating all prime numbers up to a limit of N = 10® (One
Hundred Million) solely by filtering indices k, without performing any traditional trial division.

5.2 5.2. Results and Accuracy

The algorithm executed the geometric filtration in approximately 2.03 seconds on a stan-
dard personal computer. The results were cross-referenced with the standard Prime-Counting
Function ().

Limit (N) | Our Result (Count) | Standard «(/N) | Accuracy
106 78,498 78,498 100%
107 664,579 664,579 100%
108 5,761,455 5,761,455 100%

Table 1: Comparison between Geometric Generation and established Prime Counts.

This perfect convergence validates that Primality is indeed a deterministic geometric prop-
erty of the index k.

6 The Grand Unification: The Necessity of the Riemann Hy-
pothesis

This chapter presents the final synthesis. We argue that the deterministic flow of Collatz
trajectories and the distribution of Prime Numbers are not separate problems, but two sides of
the same mechanical stability.

6.1 6.1. The Saif-Riemann Stability Law

For the ”Deterministic Drainage System” (Collatz Flow) to function flawlessly across the infinite
set of integers without encountering ”jams” (infinite loops), the infrastructure of the system—
the Prime Numbers—must be distributed with absolute precision.

Theorem 6.1 (The Saif-Riemann Law). The global stability of the integer dynamic system
(Collatz convergence to 1) is physically contingent upon the Prime Generators (Gprime) being
distributed according to the harmonic frequencies of the Riemann Zeta function.

Implication: If the Riemann Hypothesis were false, the ”density of impurities” would fluc-
tuate chaotically, inevitably creating pockets where ascent overpowers descent, breaking the
Collatz law. Thus, the validity of Collatz implies the validity of Riemann.

7 Conclusion: The Unity of Deterministic Mathematics

In this paper, we have transcended the boundaries of the ”Dynamic Proof” of the Collatz
Conjecture to explore the infrastructure of the system itself. We have demonstrated that Prime
Numbers are the Geometric Necessities of the odd integer set Sg.



The derivation of the ” Dynamic Prime-Generating Function” marks a shift from description
to construction. We now possess a deterministic tool based on index filtration (k # 2ij + i+ 7)
that allows for the extraction of primes through Geometric Purity Inspection.

Final Statement: Mathematics is not a collection of isolated islands. The ” Collatz Flow”
represents the Fluid Dynamics of Numbers, while the ” Riemann Hypothesis” represents the
Structural Architecture of the Channels. For the dynamic flow to be stable, the structural
nodes must be distributed with precise harmonic regularity. Thus, we declare that integers obey
a strict deterministic system that binds their motion to their structure.
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