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Summary: Collatz Conjecture, one of the unsolved problems in mathematics is that for any positive integer, the
positive integer is multiplied by 3 and 1 is added if odd, divided by 2 if even. This process is repeated, and the
sequence of numbers finally reaches 1. Collatz Conjecture is notoriously escaped all attempted proofs. This paper
presents a solution to Collatz Conjecture with a statistical and logical/ mathematical proof. The article demonstrates

why Collatz function cannot enter an iterative infinite loop and the function will reach 1 for all positive integers.
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Section 1
Introductions:

Henri Poincaré, the great French mathematician, who was strongly opposed to formal methods in mathematics,
wrote in 1908: “It is difficult to admit that the word if acquires, when written D, a virtue it did not possess when

written if.” [1]. This article is written logically and mathematically, in the process of arriving at the proof.
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In arithmetic, the Collatz Conjecture is defined as follows,

C(n) = [ 3n+1lifnisodd

n/2 ifniseven
The function oscillates for odd and even numbers and ultimately reaches 1. Empirically, the Conjecture is verified
for numbers less than 2%[2]. Collatz function is depicted in Fig. 3 and whenever Collatz function is discussed it

specifically means the functions like shown in Fig.3.

Collatz Function: y axis — numbers, y axis — runs
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Fig.1

Because of the combination of increasing odd function and decreasing even function the Collatz function oscillates

until it reaches 1. Another function for example like,

F(n) = n+1lifnisodd
n/2 ifniseven

will continuously decrease to 1 while a function like,
G(n) = 10n ifnisodd

n/2 ifniseven
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will continuously increase unbounded as the increasing function is increasing faster than decreasing function and
none of the numbers on the 10n function fall on exponents of 2 which only have 2, 4, 6, 8 in the unit’s place while
10n will generate a number with 0 in the unit’s place. The only exception that can occur is if the pair of function get

into an infinitely recursive loop.

Section 2

Proposed Solution:

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79

81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 97 98 99 100

Table 1. The range 1 — 100 is differentiated by Even 1, Even 2.....functions by colors.

Even1 25
Even 2 13
Even 3 6
Even 4 3
Even 5 2
Even 6 1

Table 2. Frequency of Even functions.

Even 1 are even numbers within the range 1 — 100 that can only be divided once before the quotient is an odd
number. Even 2 are numbers withing the same range, that can be divided twice before the quotient is an odd
number. The range 1 — 100 has up to Even 6 numbers. The table 2 shows the frequency of occurrence of each of

these numbers in the range 1 — 100. Odd 1 cannot be followed by Odd 2 as 3n + 1 will always give even number.

The weighted sum of the following frequencies is given by,

n n n n n n
% (0.25) +2(0.13) + 2 (0.06) + = (0.03) + - (0.02) + - (0.01)
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n(0.125 + 0.0325 + 0.0075 + 0.001875 + 0.000625 + 0.000156)

n(0.1676)

These 50 even numbers are working against the 50 odd numbers which are necessarily Odd 1 only. Odd 2 and above
are not possible. This is the central idea of this article. The Collatz function statistically works with Odd 1
increasing function (3n + 1) with the Weighted Even (0.1676n) Decreasing Function. The net effect is that the
function statistically moves in the decreasing direction. Because the even function is statistically strong, the Collatz
function eventually moves down finding smaller numbers. As the smaller even numbers are a subset of smaller
numbers the Collatz function finds smaller even numbers. Hence the Collatz function decreases to the smallest even

number 2 followed by 1.

The product (3n + 1) * (0.1676) is called the Collatz Product for the given range. The Collatz Product is less than
value of n (for all n >2) for range 1 — 100. Which means, statistically, the Collatz function as a twice tendency to
decrease the function than to increase it. The vector of function points in the negative direction. Probabilistically, the

Collatz function reaches.

For the range 1 — 200 the Collatz product becomes (3n + 1) * (0.1675) which is less than the Collatz Product for
the range 1 — 100 because Weighted Even Decreasing Function continuously decreases for higher range. In general,
the Collatz Product for a range should remain lower than n for the dual function to collapse to 1. Logically, Collatz
Product will continuously decrease as higher even functions show up for the loss of lower even functions and the
value of Weighted Even Decreasing Function becomes smaller. However, larger numbers, of course will take longer

runs to reach 1.

The Collatz function does not repeat numbers in the Collatz sequence as proven in section 4.

Section 3

Alternating Collatz Odd and Even Function:

Two examples of Collatz function which produce Odd 1 and Even 1 number sequence only are shown in Fig 3. The

purpose of analysing this particular function was to see if there exist a number for which the Collatz function
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continuously produces an increasing curve. Of course, there do exist other combinations such as Odd 1 and Even 1,
2, 3 etc functions which will produce a sequence longer and with a higher maximum value than alternating odd and
even function. But the analysis was aimed at finding the distribution of these alternating odd and even functions to

check if Collatz Conjecture can be violated.

10000
Chart Title

9000

8000

7000

6000

5000

4000

3000

2000

1000

0 o

1 4 7 10 13 16 19 22 25 28 31 34 37 40 T3 26°HE5%) S5 5084 67 70 73 76 79 82 85 88 91 94 97 10010310610911

Fig.2. Example run of alternating function eventually reaching 1.

Trial Alternate
Number Length
6 5
14 7
30 9
62 11
126 13
254 15
510 17

1022 19

Table 3. Frequency of Even Functions.
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It was found that the alternate length of sequence before departure from alternate Odd 1 and Even 1 is related to the
trial number as shown in table above. The trial number increase as 2n + 2 for every 2 units increase in alternate
length. However, after departure from alternate Odd 1 and Even 1, the function, probabilistically, eventually reaches
1 as the Collatz Product is less than n for all n > 2. Is it possible to have this alternate Odd 1 and Even 1 sequence

length to reach infinity? The trial number, in that case would be larger than the sequence length.

Section 4

Iterative Loop:

4.5n+2.5 LCoIlatz Functions
3In+1 \
|
\ 2.25n + 1.25
1.5n+ 0.5
~
‘\ 1.125n + 0.625
o A
1.5n+ 0.5
~
Py

0.75n +0.25

Fig.3. Example Collatz Functions starting from any positive integer n.

In functionxn+yifO<x<landx+y21land 1 In function xn + y if x is greater than 1 and y is
—x<yand3 &S5 are factors of x and 5 but not a positive constant number xn +y > n and the
3isafactor of yand 1 —x s not a factor of 3 function cannot be equal to starting integer n.

but only 5, then the function y/ (1 - x) cannot

be equal to starting integer n.
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Fig.4

There appear to be no cases (as shown in the Fig.4 - left) where Collatz Conjecture can be proven to be false for
functionxn+y=nif0<x<landx+y>1and 1-x<yand3 &5 are factors of x and 5 but not 3 is a factor of y
and 1 — x is a factor of 5 but not 3 and because it is impossible xn + y = n to be true with above conditions, the
Collatz function cannot enter an iterative loop. The (1 - x) and y when considered without decimal point, we get
integers which are not divisible by 2,3 but divisible by 5 and always ending in 5. However, each (1 - x) and y have
at least 1 prime factor other than 2,3 and 5 which is not in the other. Consider a real Collatz function 0.6328125n +
0.5078125. 3671875 has prime factor 47 (other than 5) while 5078125 has prime factor 13, 23 and 139 (other than
5). So, 47 and 13 are different prime factors. The other number (y) always has at least 1 prime factor different than
the number (1 - x). Hence, they cannot be divided to obtain an integer. y/ (1 - x) will be a fraction and not an integer.
Any number whether, integer or fraction except 1, if we add 1 to it and perform the division of the 2 numbers, the
quotient will of course not be an integer because for the quotient to be 2 (other than 1 for which the 2 numbers need
to be the same) at the most the numbers need to be double of one another. Which is not possible except 1 and 2. So,
y/x even though different numbers can never be an integer regardless of how many times you divide them with 2.
Hence, y and (1 - x) also do not divide into an integer as y/ (X - 1) cannot be an integer as multiplying two numbers
with 3 and adding 1 to one of the numbers and subtracting 1 from the other, even after dividing by 2 any number of
times still does not give an integer value except for trivial solution 0.75n + 0.25 = n (n = 1), regardless of how many

times the coefficient and constant number is divided by 2. So, xn + y = n is not possible in the Collatz sequence.

It only works in a hypothetical non- real trivial example 0.75n + 1.25. The coefficient term is associated with a
unique constant number, so 0.75n is known to be associated with 0.25 not 1.25. So, 0.75n + 1.25 is incorrect,

impossible Collatz function. So, Collatz conjecture cannot repeat numbers in the sequence.

Section 5

Conclusion:

The intention in writing this paper is not to summarize or build upon the already existing development regarding the

solution to “Collatz Conjecture” but to attempt to find a novel solution from scratch. This article has not mentioned
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the other developments regarding the solution to Collatz Conjecture. This conjecture is assumed to be not

completely solved as of today.

The article, in section 2 showed that the dual function ultimately decreases in all cases due to Collatz Product value
being always lower than n (n > 2). The Collatz Product will continuously decrease for larger ranges. The lower
Collatz Product (always lower than n > 2) indicates a probability vector pointing in negative direction causing the

function to probabilistically decrease over the runs.

The function cannot, as shown in section 4, repeat numbers in the sequence as it is impossible in case of Collatz
function to arrive at n again starting from n. Because the function is probabilistically decreasing and non-iterative,
non-repeating, smallest even number (followed by 1 of course) will be reached. Collatz Conjecture is true and is true

for the proofs and logical explanations presented in the paper.

Section 6
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