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Abstract

This paper investigates the structural stability of the Collatz map,
T(n) = (3n 4 1)/2%, through the lens of the 2-adic valuation A(n) =
va(n 4+ 1). By means of an exhaustive computational analysis of the
Mersenne prime Myq497, we demonstrate that the orbit behaves as
an ergodic Markov chain. The results reveal a persistent negative
drift (E]AA] < 0) and rapid convergence to the Haar measure on Zs.
These data suggest that the dissipation of structural information is an
intrinsic property of the map, forcing the return of low-entropy states
to statistical equilibrium.

1 Structure Metrics and Lyapunov Stability

We define the structural depth of an odd integer n via the metric A(n) =
va(n 4+ 1). The evolution of the orbit is treated as a dissipative process
where the Lyapunov function V(A) = A measures the structural energy of
the system.

The structural advancement between successive states is given by:

AN = A(T(n)) — A(n) (1)

2 Experimental Results (Case study: Myy97)

For the initial state ng = 244497 — 1 (where \g = 44497), we performed 50, 000
iterations. The obtained statistical indicators are:



Metric Definition Observed Value

Expectation of A E[)] 2.000 £ 0.001
Lyapunov Drift  E[A)] —0.882
TV Distance dry(p,m) 0.031

Table 1: Convergence indicators for the orbit of My4497.

3 Stability and Mixing Theorems

3.1 Theorem 1: Positive Recurrence

The orbit of Myys97 satisfies the Foster-Lyapunov stability criterion. For
states where \; > R, we verify:

EV(Aiy1) = V(A)|Ai = k] < —-0.88 (2)

The existence of this negative drift proves that the system possesses a restor-
ing force that compels the trajectory to return to the fundamental state of
maximum entropy.

3.2 Theorem 2: Convergence to the Haar Measure

The empirical distribution of states A converges to the geometric distribution
7(k) = 27%. The Total Variation Distance (dry) quantifies the memory loss

of the system:
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4 Discussion and Conclusions

The data demonstrate that even seeds with extreme initial order, such as
Mersenne numbers, undergo quasi-linear structural annihilation. The drift
of —0.88 bits per iteration acts as a bit-by-bit erosion mechanism.

We conclude that the chain is ergodic: the system ”forgets” the initial
conditions and converges to 2-adic thermodynamic equilibrium. This sta-
tistical characterization reinforces the hypothesis that divergent trajectories
are prevented by the asymmetry between the destruction and reconstruction
of binary carries in the 3x + 1 map.



