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| ABSTRACT 

Collatz Conjecture (3x+1) or in some literature as 3N+1 is a problem because it works in the way that if you take any positive 

number, if it is an odd number you multiply it by three (3) then add one (1). On the other hand, if it is an even number, you 

divide it by two (2). Eventually, all positive numbers decrease to one (1). One (1) is odd, so multiply it by three (3) is three (3) and 

add one (1) is four (4). Four (4) is even, so divide it by two (2) is two (2). Two (2) is also even, so divide it by two (2) is one (1) 

again. All positive numbers end up in the loop (4-2-1). This loop is like a numerical lock. Therefore, the solution of this problem 

will have to be a numerical key results to all positive numbers. 
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1. Introduction 

The Collatz conjecture is one of the most famous unsolved problems in mathematics. The conjecture asks whether repeating two 

simple arithmetic operations will eventually transform every positive integer into1. The Collatz conjecture (or “Syracuse problem”) 

considers recursively-defined sequences of positive integers where n is succeeded by n/2, if n is even, or (3n+1), if n is odd[Christian, 

2023].  

 

It concerns sequences of integers in which each term is obtained from the previous term as follows: if the previous term is even, 

the next term is one half of the previous term. If the previous term is odd, the next term is 3 times the previous term plus 1.  

 

The conjecture is that these sequences always reach 1, no matter which positive integer is chosen to start the sequence. It is named 

after the mathematician Lothar Collatz, who introduced the idea in 1937, two years after receiving his doctorate[Christian, 2023]. 

It is also known as the 3n  

 

+ 1 problem (or conjecture), the 3x + 1 problem (or conjecture), the Ulam conjecture (after Stan is ław Ulam), Kakutani's problem 

(after Shizuo Kakutani), the Thwaites conjecture (after Sir Bryan Thwaites), Hasse's algorithm (after Helmut Hasse), or the 

Syracuse problem [Daniel, 2022; Mercedes, 2022; Barina, 2022]. 

 

The sequence of numbers involved is sometimes referred to as the hailstone sequence, hailstone numbers or hailstone numerals 

(because the values are usually subject to multiple descents and ascents like hailstones in a cloud),[Samtani, 2023] or as wondrous 

numbers[Pickover, 2001]. 

 

For the Collatz function in the form 
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𝑓(𝑥) = {
𝑥/2, 𝑖𝑓 𝑥 = 0

(3𝑥 + 1)/1, 𝑖𝑓 𝑥 = 1
┤         (1) 

Hailstone sequences can be computed by the 2-tag system with production rules 

a → bc, b → a, c → aaa            (2) 

 

In this system, the positive integer x is represented by a string of x copies of a, and iteration of the tag operation halts on any word 

of length less than 2. (Adapted from De Mol.) 

 

The Collatz conjecture equivalently states that this tag system, with an arbitrary finite string of a as the initial word, eventually halts 

(see Tag system for a worked example). 

 

As of 2020, the conjecture has been checked by computer for all starting values up to 268 ≈ 2.95×1020. All initial values tested so 

far eventually end in the repeating cycle (4; 2; 1) of period 3[Hofstadter, 1979]. 

 

This computer evidence is still not rigorous proof that the conjecture is true for all starting values, as counterexamples may be 

found when considering very large (or possibly immense) positive integers, as in the case of the disproven Pólya conjecture. 

However, such verifications may have other implications. For example, one can derive additional constraints on the period and 

structural form of a non-trivial cycle. [Barina, 2020],[ Michael, 2021],[Ma, 2019]. 

 

In this paper, we need to use about 56 multiples of three (3) to result in the positive numbers from one (1) to a hundred (100). This 

illustrates that only the powers of three (3) has the power to generate all positive numbers when applying the two basic rules of 

the problem as shown in the calculations section. The conjecture states that for all starting values n the sequence eventually 

reaches the trivial cycle 1, 2, 1, 2, . . . . eventually, the existence of nontrivial cycles is interested[John, 2022].  

 

2. Literature Review  

An account of several strategies to address the Collatz conjecture can be found in papers of Lagaris [Renza, 2019; Patrick, 2021] 

and citations therein. The Collatz conjecture is considered and the density of values is compared to Planck’s black body radiation 

in physics, showing a remarkable agreement between the two [Nicola, 2023], Collatz process does not diverge to positive infinity 

and eventually reaches one digit in binary[Terence, 2022].  

 

Since one digit obtained from Collatz process in binary is equal to 1 in decimal, number of times that the Collatz process reaches 

1 is limited [Makoto, 2023]. Is an unsolved mathematical problem that states the following: for any natural number, can always be 

reduced to 1 by following a series of steps defined by operations math.  

 

The steps are defined as follows: if the number is even, divide by 2; if it is odd, multiply by 3 and add 1. 

The conjecture suggests that regardless of the starting number, we will arrive at eventually to number 1 after a finite number of 

steps, entering an infinite loop with the numbers 4→2→1→4 [17]. In [Eduardo, 2023], Trees evolution of the Collatz dynamics 

showing only the odd numbers as shown in Figure1.  

 
Figure.1 Trees evolution of the Collatz dynamics. 

 

In Figure 1, Branches always start from a number multiple of 3, represented by red squares. Branches that start with black dots 

indicate that they are incomplète.  
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3. Methodology  

First of all, the powers of two (2) is obvious in this problem. Many of the positive numbers after applying these two rules reach to 

either the number four (4). The number eight (8), the number sixteen (16), the number thirty-tow (32), or other numbers within the 

powers of two (2) tree. It is clear that these powers of tow take you all the way down to the number one (1) by dividing to two (2). 

Now, the collatz conjecture can be explained by the power of two (2). 

 

However, the powers of three (3) is a more direct way to solve this problem. The solution of the Collatz Conjecture starts with a 

numerical key (the powers of three 3) which are all odd numbers. 

 

Second step, we add one (1) to the powers of three (3) which results in even numbers. Thirdly, we divide the resulting numbers by 

two (2). Finally, if the result is an odd number we add one (1). If the result is an even number we divide by two (2). The result of 

this direct application of these two rules is all positive numbers. 

 

The digit root of all powers of three (3) is always the number nine (9). This means that 9+1 are the two primary numbers (GOD's 

numbers) by Witch every other number can be produced. It is also possible that all negative numbers can be generated by this 

same relationship using the negative multiples of three (3) as such (-3x+1). The reason behind the second rule introduced in the 

problem (Dividing by 2) is that two numbers namely one (1) and nine (9) are needed to generate every other single number.  

In this work, a novel layout  of odd integers according to the equation (1)  sequence can be shown in table 1.  

 

4. Results and Discussion  

A result between [1-100]  demonstrates how certain numbers, establishing an associated instantiation of certain next odd integers 

to further Collatz subsequences as shown in table2[1-3-9-27-81] 

 

Table 1: Calculations of the Collatz conjecture  
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Table 2 Odd numbers obtaining    

 
   

The simulation of the 3x values is shown in figure 2 

 
  

Figure2. A Pareto chart of the 3x+1 values 

 

The validation of the (3x+1)/2 is shown in Figure3 

 
  

Figure3. A Pareto chart of the (3x+1)/2 values 

 

A Pareto chart is a type of chart that contains both bars and a line graph, where individual values are represented in descending 

order by bars, and the cumulative total is represented by the line. The chart is named for the Pareto principle, which, in turn, derives 

its name from Vilfredo Pareto, a noted Italian economist. 
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The left vertical axis is the frequency of occurrence, but it can alternatively represent cost or another important unit of measure. 

The right vertical axis is the cumulative percentage of the total number of occurrences, total cost, or total of the particular unit of 

measure. Because the values are in decreasing order, the cumulative function is a concave function.  

 

The purpose of the Pareto chart is to highlight the most important among a (typically large) set of factors. In quality control, Pareto 

charts are useful to find the defects to prioritize in order to observe the greatest overall improvement. It often represents the most 

common sources of defects, the highest occurring type of defect, or the most frequent reasons for customer complaints, and so 

on. Wilkinson (2006) devised an algorithm for producing statistically based acceptance limits (similar to confidence intervals) for 

each bar in the Pareto chart which is completely shows the effectiveness of the solution of the Collatz conjecture problem [19]. 

 

5. Conclusion  

The colatz conjecture involves a numerical lock (4-2-1) loop. The solution starts with a numerical key (the powers of 3) and result 

in all positive numbers by direct application of the two basic rules introduced in the problem. In conclusion, the number one (1) 

and the number nine (9) are the origin of all numbers.  
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