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We analyse the conjecture and we provide a proof, using the Reliability Integral Theory.

Introduction

A problem posed by L. Collatz in 1937, also called the 3x+1 mapping [Collatz Algorithm], states that the system of the two difference equations [START_REF] Deming | Out of the Crisis[END_REF] given the initial condition y 0 = any integer positive number, arrives after some (n is a number not known in advance) "continued" iterations at the value y n =1. The system (1) can be reduced to a non-linear difference equation, as the following one (1bis)

The numbers y k+1 of the sequence provided by the previous (Collatz) equations are sometimes named hailstone numbers. The Collatz algorithm has been tested and found to always reach 1 for all numbers up to 5.48 times 10 18 . (Oliveira e Silva 2008) It is considered a very difficult problem to be solved, in spite of its very simple definition; they say that Erdős commented that "mathematics is not yet ready for such problems".

The proposed solution

Let's consider an infinite-dimensional matrix (with infinite rows and columns); rows and columns are indexed by the natural numbers 1, 2, 3, 4, ..., n, n+1, ...; every a ij entry is 0, except ........ [START_REF] Deming | The new economics for industry, government, education[END_REF] where the indexes i and j are given by (1). In every row there is only one number 1, while all the others are 0. Therefore any row is a probability vector. This idea is important because we can consider the matrix as a transition probability matrix, with the same properties of the matrices used for modelling the Markov Chains. To take advantage of the Reliability Integral Theory (RIT) we arrange the rows and columns in the following order: 1, 2, 4, 3, 5, 6, ....., n, n+1, ............: rows and columns 3 and 4 are exchanged as the reader can see in the figure 1, where it is presented a part of the infinite matrix, with its entries. The a ij =1 entries mean that the Markov Process makes a transition from the state i to the state j, with probability 1. In the figure 1, the 3 by 3 matrix with rows and columns indexed by the numbers 1, 2, 4, is highlighted due to its importance:  when the system is in the state 1, the next transition is to state 4: 1  4  when the system is in the state 2, the next transition is to state 1: 2  1  when the system is in the state 4, the next transition is to state 2: 4  2

All this means that when the system enters one of those 3 states [START_REF] Deming | Out of the Crisis[END_REF][START_REF] Deming | The new economics for industry, government, education[END_REF][START_REF] Galetto | Numero dei guasti di un sistema e determinazione di un modello reale atto a rappresentarlo[END_REF] it never leaves out of them, the system (or the process) circulates in the set [START_REF] Deming | Out of the Crisis[END_REF][START_REF] Deming | The new economics for industry, government, education[END_REF][START_REF] Galetto | Numero dei guasti di un sistema e determinazione di un modello reale atto a rappresentarlo[END_REF] forever. It is a "periodic process". This matrix is named P and its entries are indicated p ij (to remember "probability").

state 1 2 4 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 [START_REF] Galetto | Qualità. Alcuni metodi statistici da Manager[END_REF] 20 ……………………………… 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 ……………………………… 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 ……………………………… 6 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 8 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 12 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 14 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 16 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 18 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… 20 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ……………………………… … 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 ………………………………

Figure 1. The transition matrix P [only a part is shown]

Our system has a total number of states N=: we indicate a S the set of all the states. S can be partitioned into two disjoints sets S 1 , the set 1, 2, 4 [of the periodic process] of the N 1 =3 states, and S 2 , the set 3, 5, 6, ..., n, n+1, .... of the N 2 = states, S=S 1 S 2 with S 1 S 2 =: N= N 1 + N 2 . See the figure 2.

We partition the matrix P into four submatrices P 11 , P 12 , P 21 , P 22 , related to the transitions ij (i S 1 , j S 1 ) within the set S 1 =1, 2, 4, related to the transitions ij (i S 1 , j S 2 ) from S 1 =1, 2, 4 to S 2 =3, 5, 6, ..., n, n+1, ...., related to the transitions ij (i S 2 , j S 1 ) from S 2 =3, 5, 6, ..., n, n+1, .... to S 1 =1, 2, 4 and related to the transitions ij (i S 2 , j S 2 ) within the set S 2 =3, 5, 6, ..., n, n+1, ..... You can see part of the submatrices in the formula (3); only the left upper submatrix is written in full, as one can see the set S 1 . The entries of such submatrices are related to the figure 1. The periodic process" circulating in the set S 1 =1, 2, 4 is ruled by the submatrix P 11 .

Figure 2. The two disjoint sets

The partitioned submatrices are [START_REF] Galetto | Nuovi sviluppi nel calcolo dei parametri affidabilistici dei sistemi[END_REF] and can be written simply as where P11 and P22 are square matrices, The rectangular submatrix in the upper right corner has only 0 entries. The n-th power P n of the matrix P provides the transition probabilities, between the states i  j, in n steps:

: is the conditional probability of entering the state j at the nth step, given the initial state i. We have 

States partitioned and transitions

S1 S2

The submatrix V n is related to the transitions to the set S 1 in n steps. Now we consider the theory given in the Fausto Galetto book Reliability and Maintenance, Scientific Methods, Practical Approach, Volume ONE.

There, two vectors z 1 and z 2 are defined, as follows,  z 1 is the vector of the (steady state) probabilities of entering into one of the states 1, 2, 4 [S 1 ], when there is a transition S 2 =3, 5, 6, ..., n, n+1, ....  S 1 =1, 2, 4.

 z 2 is the vector of the (steady state) probabilities of entering into one of the states 3, 5, 6, ..., n, n+1, .... [S 2 ], when there is a transition from S 1 =1, 2, 4  S 2 =3, 5, 6, ..., n, n+1, ..... z 1 is by definition a three-dimensional row vector [0, 0, 1] related to the set S 1 ; see the figure 2. The system enters into the set S 1 only through the state 4. After entering S 1 the probability of being in the states 1, 2, 4 is given by a vector =[1/3, 1/3, 1/3] solution of the relationship =P 11 . z 2 is by definition an infinite dimensional row null vector [0, 0, 0, ...., 0, ...] related to the set S 2 ; see the figure 2. The system never enters into the set S 2 from S 1 .

This means that

 IF a person choose a number y 0  S 2 =3, 5, 6, ..., n, n+1, ....  and applies the rules  then the Markov system enters the state y 0  S 2 for the first time,  it makes all the needed transitions within the set S 2  until it goes into the set S 1  and it remains there, with probability vector : periodic process By making the state 1 an absorbing state the system stays in the state1, forever.

The hailstone numbers y k+1 of the sequence provided by the Collatz equations end into the number 1, whichever is the starting number y 0 .