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Abstract

A new Base-X Conjecture was introduced in this paper, and Collatz Conjec-
ture is just one case of Base-X Conjecture - Base-3 (Ternary). Based on Base-
X number system property and Collatz Conjecture iteration, it has been proved
that for any positive integer D, there are nand mwhich existfor D, +Y, =2".
D, +Y, isjust the result built up by collecting divided by 2 of Collatz Conjec-
ture iteration. Divided by 2 will make the Collatz Conjecture get a result of 1
for any positive integer. Also, the Collatz Tree showed that for any odd posi-
tive number, there is only one route existing in the Collatz Tree down to 1 on
Collatz Conjecture iteration.

Keywords

Collatz Conjecture, Base-X Conjecture, Collatz Spiral, Collatz Ring, Collatz
Tree

1. Introduction

Collatz Conjecture is one of the most famous unsolved problems in mathematics.
It is simply stated, easily understood. Even many efforts to solve the problem have
been made [1] [2], the Collatz conjecture itself remains open. Professor Paul Erdos
said about the Collatz conjecture: “Mathematics may not be ready for such prob-
lems” [3]. Professor Jeffrey Lagarias stated in 2010 that the Collatz conjecture “is
an extraordinarily difficult problem, completely out of reach of present day math-
ematics” [4]. Even more research on Collatz Conjecture [5]-[16], it is still not able
to prove that Collatz Conjecture will turn to 1 for any positive integer. But what
Collatz Conjecture exactly is, and why is 31 + 1? It is suggested in this paper that
Collatz Conjecture is related to such a conjecture called Base-X Conjecture, in a
Base-X number system, for any positive integer, if divisible by the maximum num-
ber of the base X; (even-x number), divide it by X; (even-step), if not (odd-x num-
ber), make it be divisible by X; (odd-step), repeat this iteration, the result 1 could
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be reached. A number is called pure even-x number if can be expressed as Xlk .
Number 1 is a special number in Base-X number system, for number 1 itself is an
odd-x number, but X; is a pure even-x numberby definition and still equals to
1.

2. Base-X Number System

A Base-X Number System uses X different digits (from 0 to X) to represent num-
bers, with each digit’s positional value increasing by a power of X as moving left
in the number. The digits can be paired in X;’s compliment that sum of each pair

equals X;. Pair [0, X] are even-x digit, the rest are odd-x digit. see Figure 1: Base-

X.
0123 - - - - XiXsXeXy
‘ | Xl | 3:X1-X4,X4:X1—3
X, 2=X:-Xs, Xo=X, -2
X, 1=X:- Xz, Xo=Xi-1

X

Figure 1. Base-X.

If Xis an odd number, the middle one is just paired itself. See Figure 2: Base-7
(Septenary).

0 6

1 2 3 4 5
LINRES
6 2=6-4, 4=6-2
6 I

1=6-5, 5=6-1

6

Figure 2. Base-7 (Septenary).

Simple Properties of Base-X Number System

(1) Any positive number D in Base-X Number System can be expressed as the

product of a pure even-x number and an odd-x number:
D=X (Q*X,+r) r=123-X,,X;X, (1)

Qs either odd-x or even-x number.

For any odd-x number D, k=0, D= Q* X; + r.

If Q=0and k=0, Dis a single digit odd-x number, D= r.
If Q=0and r= 1, Dis a pure even-x number, D= X/ .
(2) multiple Dby X did not affect kand rin property (1)
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D*X =X, (Q*X,+r)X

=X (Q* X, +1)(X, +1)
= X [(Q* X, +1) X +Q* X, +r] (2)
=X [(Q* X, +r+Q) X, +1]
=X (Q*X,+T1)
(3) from property (2) can be derived that multiple Dby X" did not affect kand r
D#X" =X/ (Q,*X,+Tr) 3)

if Dis a single digit r, the remainder of X" divided by X; is ritself.
(4) any odd-x D can be converted to even-x number by:
DxX"+r' r'is X,'s compliment of r
=Q, * X, +r+r1’
=Q, * X, + X,
=(Q, +1) X,

(5) for any integer D, adding up all the digits of D until to get a single digit r, if

4)

the result r = Xj, D is even-x number, otherwise D is odd-x number, ris the re-
mainder of D divided by Xi.
Any positive integer D can be expressed as:

D=>dX' d=123-X;X,,X,
i=0

from property (3), each item dX’divided by Xj, the remainder should be d; so the
remainder R of D divided by X; should be:

n
R=Yd, d=123-%;%,,%,
i=0

Ris a new number with less digits than D, repeating above processing, a single
digit could be obtained.
Take Hexadecimal for example (X; = F):

for hex number 2E35F9BD67
2+E+3+5+F+9+B+D+6+7=55
5+5=A
so it is an odd-16 number, and the remainder of divided by Fis A.
2E35F9BD67 = 314AA3FD3+F + A
for hex number 7E35F9BD67
7+E+3+5+F+9+B+D+6+7=5A
5+A=F
so it is an even-16 number.

TE35F9BD67 =869FF 9529+ F

3. Base-X Conjecture

For the simply stated Base-X Conjecture in Section 1, property (4) was used to
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make an odd-x number (k= 0) to an even-x number.

3.1.n=0

For any odd-x positive integer D
D+r'=Q* X, +r+r'=(Q+1)X,

divided by X result is Q + 1. The Base-X Conjecture iteration is converging due
to D> Q+ 1, so the Conjecture is true.

3.2.nz22

The Base-X Conjecture iteration is mostly diverging, so the Conjecture could be

false. This will not be discussed in this paper.

3.3.n=1
DxX+r'
=(Q* X, +r) X, +r+r'
=(Q* X, +1) X, + X,
=(Q* X, +r+1)X,

(a) for a single digit number Q=10
PeX+r =r(X +1)+r' =r= X +(r+r)=r=X + X, =(r+1)=X,

the result ris increased by 1 after one odd-step and one even-step. If the result (r
+ 1) = X, take another even-step that will get 1, otherwise repeat the iteration
until the result (r+ 1) = X;. Base-X conjecture is true for a single digit number.
b)if(r+1)=Xand (Q+1) = le , Base-X conjecture is true.
D= (Xf" —1)/X ,(n=12,3,---) meets this condition.

3.4. Base-X Conjecture Definition

Based on above analysis, use property (4) of Base-X number system with n=1 to
convert odd-x number to even-x.
o If the number is even-x, divide it by X;.
o If the number is odd-x, left shift 1 digit (multiply by X) and add Xi’s compli-
ment of the remainder divided by X;.
In modular arithmetic notation, define the function fas follows:
f(n):{n/xl if n=0(mod X,)
X#n+r' if n=r(modX,)

for Collatz Conjecture, it should be one of Base-X conjecture - Base-3 (Ternary).
For Base-3 (Ternary), X; = 2, and there is only one remainder 1 if odd-3 (odd)
number divided by 2, 2’s compliment of 1 is still 1, here comes 322 + 1. The Base-
X conjecture for Base-3 (Ternary) is as follows:
f(n):{n/z if n=0(mod?2)
3xn+1 if n=1(mod2)
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Table 1. The verification results from Base-3 (Ternary) to Base-30 (Tricenary).

It is exactly the same as Collatz Conjecture.

3.5. Base-X Conjecture Verification

Till now, the Base-X Conjecture is neither proved nor disproved, but a prelimi-

nary verification can be done by computer. There are a total of 28 bases from Base-

3 (Ternary) to Base-30 (Tricenary) up to 10 digits have been verified, the verifica-

tion results are shown in Table 1.

Base

Digit Number

Loop#1 Steps Loop#2 Steps Loop#3 Steps True

X Name 234567 9 10 Odd Even Total Odd Even Total Odd Even Total False
3 Ternary (Tertial) 00 0O0O0TO 00 1 2 3 TRUE?
4 Quaternary (Quartal) 100 0 00 00 2 3 5 7 8 16 FALSE
5 Quinary (Quintal) 1 00 000 00 3 4 7 12 14 26 FALSE
6 Senary (Sextal) 00 0 O0O0O 00 4 5 9 TRUE?
7 Septenary (Septimal) 110000 00 5 6 11 11 12 23 23 25 48 FALSE
8 Octonary (Octal) 00O0O0O0OTU 00 6 7 13 TRUE?
9 Nonary (Nonal) 00O0O0O0OTU 00 7 8 15 TRUE?
10 Denary (Decimal) 100 0 00 00 8 9 17 20 21 41 FALSE
11 Undenary (Undecimal) 100 000 00 9 10 19 47 49 96 FALSE
12 Duodenary (Duodecimal) 010000 0 0 10 11 21 55 57 112 FALSE
13 Terdenary (Tredecimal) 020000 0 0 11 12 23 93 9 18 31 32 63 FALSE
14 Quattuordenary (Quattuordecimal) 00 0 O0O0O 0 0 12 13 25 TRUE?
15 Quindenary (Quindecimal) 00 0 O0O0O - - 13 14 27 TRUE?
16 Senidenary (Hexadecimal) 100 0 00 - - 14 15 29 40 41 81 FALSE
17 septendenary (Septendecimal) 1 00000 - - 15 16 31 45 46 91 FALSE
18 Octodenary (Octodecimal) 100 0 00 - - 16 17 33 48 49 97 FALSE
19 Novendenary (Novendecimal) 00 O0O0O0OTO - - 17 18 35 TRUE?
20 Vigenary (Vigesimal) 00 00O0O - - 18 19 37 TRUE?
21 Viginti-unary (Viginti-unal) 20 00 00 - - 19 20 39 59 60 119 60 61 121 FALSE
22 Viginti-binary (Viginti-dual) 00 0O0OTO 0 - - 20 21 41 TRUE?
23 Viginti-ternary (Viginti-tertial) 00O0O0O0OTU - - 21 22 43 TRUE?
24 Viginti-quaternary (Viginti-quartal) 1 00000 - - 22 23 45 71 72 143 FALSE
25 Viginti-quinary (Viginti-quintal) 20 0000 - - 23 24 47 77 78 155 155 157 312 FALSE
26 Viginti-senary (Viginti-sextal) 010000 - - 24 25 49 82 83 165 FALSE
27 Viginti-septenary (Viginti-septimal) 00O0O0O0OTU - - 25 26 51 TRUE?
28 Viginti-octonary (Viginti-octal) 1 00000 - - 26 27 53 90 91 181 FALSE
29 Viginti-nonary (Viginti-nonal) 00O0O0UO OO - - 27 28 55 TRUE?
30 Tricenary (Trigesimal) 1 00000 - - 28 29 57 9 97 193 FALSE

Note: - not verified.
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The table showed loops found for different digits number, and the steps for the
loops found. There are a total of 28 bases verified, 16 bases are false due to more
than 1 loop found. 12 bases could be true including Collatz Conjecture (Base-3).
There is no diverging found, and no more loops found for more than 3 digits to
maximum checked digits. Now we will try to prove the Base-3 (Collatz Conjec-

ture) for it is the simple one, only dealing with a single digit 1.

4. Collatz Conjecture Proof

If a positive integer D after n odd-step and m even-step turn to 1, this can be

expressed as:
D, +Y, =2" ©)

where D, =3"#D . For any positive integer D, if such Y, existed based on Collatz
Conjecture iteration, Collatz Conjecture should be true. Now what is needed to
do is to figure out how Yis built up along with Collatz Conjecture iteration. From
now on, odd and even are used instead of odd-3 and even-3 for Base-3 (Ternary).

Decimal number will be used for convenience if not stated otherwise.

4.1.Y Built up

It is already stated that “Collatz Conjecture, it is just one case of Base-X conjecture
for Base-3 (Ternary)” in 3.4, so simple properties of Base-X number system could
be used to figure it out. For any positive integer D in Base-3 can be expressed as

following based on property (3):
D=2"(Q*2+1)  k(0)=0123 - (6)

Now we can apply Collatz Conjecture iteration to the odd part and collect the
divided by 2 and put it to the even part. Any odd number to another odd number,
one odd-step and one or more even-step (simply called one step together) needed.
For example:

1) Number 3:

3%x3+1=10-75,
one odd step and one even step, collect one divided by 2 > 249+1,
2) Number 9:
3%¥9+1=28—>14>7,

one odd step and two even steps, collect two divided by 2 > 240+,
3) Number 13:
3%13+1=40-520—-10->5,

one odd step and three even steps, collect three divided by 2 > 240+,
4) Number 37:
3%¥37+1=112 556 >28 >14 > 7,

one odd step and four even steps, collect four divided by 2 > 240+,
Generally for Equation [6], just apply 3n + 1 and divided by 2 to the odd part

DOI: 10.4236/am.2025.164020

370 Applied Mathematics


https://doi.org/10.4236/am.2025.164020

S. Zhao

(Q* 2+ 1) and pass divided by 2 to 2% portion we got:
2O[3(Q*2+1)+1]
=3+ 240)(Qx2+1) |+ 2

(7)
=3%D+2"" collect 0
=D, +Y, D, =3'#D,Y, =2 D, >V,
in another way,
2O[3(Qx2+1)+1]
=2O[3xQ*2+4]
k(0)+1
= 20" [3%Q + 2] )

= 2K %2 % (Q *2+1)
= 24O s (Q #241) collect 1+x,x =0,1,2,3,---
=20 (Q *2+1) k(1) =k(0)+(1+x)
after one 31+ 1 and one or more divided by 2 we got a new equation from Equa-
tion [6]:
D, +Y, =2Wx(Q *2+1) k(1)>k(0) ©)
Compare to Equation [6]:
D — D, +Y,, 2% — 20 = KO+ g 5
Apply another 3n + 1 and divided by 2 to the odd part (Q; * 2 + 1) of Equation
[9] we got:
2'O[3(Q*2+1)+1]
=3+ 20 (Q *2+1) |+ 2V
=3# D, +3*Y, + 2V
=D, +Y, D, =32+D,Y, = 3*Y, + 2"
in other way,
203(Q *2+1)+1]
=20[3xQ *2+4]

_ 2k(1)+1 [3* Q1 " 2]
=20 (Q,x2+41)  collect1+x,x=0,1,2,3,---
=2?(Q, *2+1) k(2)>k(2)

same as Equation [9] we got
D, +Y, =2?(Q, x2+1)
repeat the 3n + 1 and divided by 2 on the odd part to step 1 we could get:
D, +Y, =2"(Q, »2+1) (10)

The above process could be interpreted as it approaches a certain pure even-x
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number 2™ with continuing iteration, then we can get the following equation by

combining Equation [5] and [10]:

2" <D, +Y, =2"(Q, x2+1) < 2" (11)
let ¥; =0, then

Y, =249 =3y, + 240
it can be figured out that Yis built up as:
Y, =0,Y, =3#Y, + 250 Y, =3xy,+ 20 ... ¥ =3xy_ +2"
k(0)<k(1)<---<k(n-1)<k(n)

The minimum step of kis 1, and for any odd number 4(0) = 0, the minimum &

sequence should be:
k=0123,:--

and the minimum Y sequence is as:

Y =0,1,5,19,65,211,---,3" - 2" [17].

4.2.Find Y,

As described above, D and Y are both multiplied by 3, Dis not changed, but Yis
added 2% each time, so that Yis getting bigger and bigger, at the beginning ¥; <
D, along with the iteration continuing, ¥Y'will exceed Dand turnto ¥Y> Dfrom ¥
< Dat a certain step. Figure 3 shows the change in Base-3 (Ternary) - Dis simply

shifting left and Y'is growing up along with left shifting.

19 18 17 16 15 14 13 12 11 10,9 8 7 6 5 4 3 2 1 0

1 .

2 |

3 I

4 I

; |

6 Il D
g7 "
& g I

9 o

10

1

12

14

s e

Figure 3. D-Y change in Base-3 (Ternary).

Assuming Y, < D, at step n— 1, and Y, > D, at step 1, from Equation (11)

we got:
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2" <D, +Y, =D, +3x%Y,  +2"Y <" (12)
2"t <D, +3%Y, , +A, =2" (13)

See Figure 4 [A, B]. To ensure from Y, < D, to ¥, > D,, 2 (difference
between D, and 3*Y,.;) must take the possible maximum value. From Equation
(12), the maximum value of 24V could be 2%, But if 24#V = 221 D, + 3* Y,
should be <271, and result in 3*Y¥,; = 0 and D, = 2", For Y, cannot be 0, so
that 24D must be less than 27}, and the maximum possible value should be 22,
So we got:

2"?<D, <2
2" <3xY,  <2™

2"t <D, +3%Y _ <2"

See Figure 4 [C, D]

om
k) Ap 2Kn-1)
2 m-2 Zm-z
Yn
3*Yn-1 3*Yn-1 3*Yn~1 3*Yn-1
2m—1
Zk(n_n .
2m-2
Yn
3*Yn-1 2m—3
2m-4
2m—5
A B C D E F G H

Figure 4. Find Y.

From above analysis, we can get:

A = 2k(n—1) — 2m—2

n
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so that
3%Y  +A, =3xY  +2“" =y (see Figure 4 [F, G, H])

Y, satisfies Equation [5], Collatz Conjecture should be TRUE for any positive in-
teger.
Please note that, the ¥, based on condition “Y, , <D

n-1 — ~n-1

to Y, > D, “is not the
first one satisfies Equation [5], it is just used to prove such Y, exists. The test re-
sults shown that the first Y satisfies Equation [5] should be 2 steps earlier. See
Figure 5 (for number 7). At step 7, Y changed from less than Dto greater than D,
and the first Ysatisfies Equation [5] happened at step 5.

n
22
20 /_
18 = //
16 = =
14 =
12 = e — D
10 Y
/
8 — // —
6 = VZd - K
41 =F
2
0 Step
0 1 2 3 4 5 6 7 8 9 10

Figure 5. Changes of D, ¥, mand &

From step 5, m became a straight line which means the odd part of Equation
[6] keeps the same number. The minimum difference between m and & should be
4 (from number 5, 3 X 5 + 1 = 16 = 2*, will be explained later) at the first time that
Ysatisties Equation [5] (step 5 in Figure 5). From step 6, kbecame a straight line,
and m — k= 2, which means the odd part of Equation [6] goes into the 1 >4 > 2
- 1 loop as Collatz Conjecture iteration.

5. Collatz Conjecture Analysis

From now on, odd and even are used instead of odd-3 and even-3 for Base-3 (Ter-
nary). Any even number can be converted to odd number divided by 2 according
Collatz Conjecture, the analysis will only focus on odd numbers. At first, group
the odd numbers into 3 groups according to the last digit d in Base-3 (ternary),
same as the result mod by 3 in decimal.
On Collatz Conjecture iteration, for any odd number D= Q* 2 + 1.
o Group 0: d= 0, there should no any odd number come to this group on Collatz
Conjecture iteration, go to Group 2 if Q1is odd, go to Group 1 if Q1is even.

o Group 1: d=1, go to Group 2 if Qis odd, stay in Group 1 if Qis even.

o Group 2: d= 2, go to Group 1 if Qis even, stay in Group 2 if Qis odd.
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For convenience, decimal is used for the following analysis instead of Base-3

(ternary).

5.1. Collatz Conjecture Odd Number Groups

All odd number are grouped by 412+ 1 sequence for Collatz Conjecture. All num-
bers in the same sequence will go to the same odd number on Collatz Conjecture

iteration with one odd step and one or more even steps:

3%(4n+1)+1=3%4n+3+1=3%4n+4=4%(3n+1) > 3n+1

5.1.1. 0dd Number 1

Start from 1 we got:

S(1) =1, 5, 21, 85, 341, ...

the nth number is: S(l)[n] = (22" —1)/3 n=123,---
All numbers in $(1) are going to 1 on one odd-step and
2,4,6, 8,10, ... even-step. (even sequence).

5.1.2. 0dd Number 3

S(3) = 3,13, 53, 213, 841, ...

the ath number is: S (3)[n] =214 s (1)[n] n=1.,23---

All numbers in $(3) are going to 5 (SeqN) on one odd-step and
1,3,5,7,9, ... even-step. (odd sequence).

5.1.3. 0dd Number 5
5 is 2nd number of S(1).

5.1.4. 0dd Number 7
S8(7) =7,29,117, 469, 1877, ... - odd sequence, SeqN = 11.
the nth numberis: S (7)[n] =3x2"1, g (1)[n] n=123,--

5.1.5. 0dd Number 9
5(9) =9, 37, 149, 597, 2389, ... - even sequence, SeqN = 7.
the nth number is: S (9)[n] =2%2"+S (1)[n] n=,23,---

5.1.6. 0dd Number 11
S(11) = 11, 45, 181, 725, 2901, ... - odd sequence, SeqN = 17.
the nth numberis: S (11)[n] =5%22"14 g (1)[n] n=123,--

5.1.7. 0dd Number 13
13 is the 2nd number of S(3).

5.1.8. 0dd Number 15
S(15) = 15, 61, 245, 981, 3925, ... - odd sequence, SeqN = 23.
the nth numberis: S (15)[n] =7%2"148 (l)[n] n=123,---

5.1.9. 0dd Number 17
S5(17) =17, 69, 277, 1109, 4437, ... - even sequence, SeqN = 13.
the nth numberis: S (17)[n] =4%2" 1+ S (1)[n] n=123,-
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5.1.10. 0Odd Number 19
5(19) =19, 77, 309, 1237, 4949, ... - odd sequence, SeqN = 29.
the nth number is: S (19)[n] =9%22"1 1§ (1)[n] n=123,---

5.1.11. Odd Number 21
21 is the 3rd number of §(1).

5.1.12. 0dd Number 23
5(23) =23, 93, 373, 1493, 5973, ... - odd sequence, SeqN = 35.
the nth numberis: S (23)[n] =11%2?"14+ 3 (1)[n] n=123":-

5.1.13. 0dd Number 25
5(25) = 25, 101, 405, 1621, 6485, ... - even sequence, SeqN = 19.
the nth number is: S (25)[n] =6%2""+S (1)[n] n=1.,23---

5.1.14. Odd Number 27
8(27) = 27, 109, 437, 1749, 6997, ... - odd sequence, SeqN = 41.
the nth number is: S (3)[n] =132+ S (1)[n] n=123,--

5.1.15. 0dd Number 29
29 is the 2nd number of (7).

5.1.16. 0dd Number 31
S(31) = 31, 125, 501, 2005, 8021, ... - odd sequence, SeqN = 47.
the nth number is: S (31)[n] =15%22"1 4+ S (1)[n] n=123,---

5.1.17. 0dd Number 33
5(33) =33, 133, 533, 2133, 8533, ... - even sequence, SeqN = 25.
the nth number is: S (33)[n] =8x2"+8§ (1)[n] n=123,---

5.1.18. 0dd Number 35
S(35) = 35, 141, 565, 2261, 9045, ... - odd sequence, SeqN = 53.
the nth numberis: S (35)[n] =17%2"1 48 (1)[n] n=123,--

5.1.19. 0dd Number 37

37 is the 2" number of S(9).

For any odd number D= Q*2 + 1,

o start a new odd sequence if Qis odd number.

o start a new even sequence if Qis even and @Q/2 is odd number.

o asequence member otherwise.

if the integer quotient of SeqN of S(x) divided by 3 is g, for a odd sequence, the
nth number is:

S(x)[n]=q*2*""+S(1)[n] n=1,23,-
for an even sequence, the nth item is:

S(x)[n]=q*2"+S(y)[n] n=123--
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5.2. Collatz Spiral

Ifline up the sequences described above, and put the odd numbers in a chart, we can
get a spiral as shown in Figure 6 Collatz Spiral. All numbers on the same radial line
are in one sequence. An odd sequence will go to an odd number greater than the first
sequence number. An even sequence will go to an odd number less than the first

sequence number. S(1) is a special even sequence just loop on its first number 1.

UP DOWN

O o
O Group 1
O oz

[ seanin e same segment
E‘ SeqN in the different segment

P From or to different segment

000

Number

Oddstep  Even step

Figure 6. Collatz spiral.

5.3. Collatz Ring

From Figure 6 we can see that each time the number across $(1), the new se-

quences will be added. If breaks at that point and makes rings, the sequences can
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show the sequences more clearly as shown in Figure 7. Expanding the ring by

applying 4n + 1 on each number, 3 new sequences added between any adjacent

two numbers.

Figure 7. Collatz Ring.

5.4. Collatz Tree

From Collatz Ring, it can be found that “the corresponding relationship of an odd
number and a 41 + 1 sequence can be only one-to-one correspondence”.

8(1) ->1

S(3) ->5
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up DOWN
Number SeaN
O Q o
Ring Number— 6
Sequence: st Number
Group 1
Odd step  Even step
Group 2 Sequence: 2nd Number

5999953995 8999988498 18499982748,

{ 4,52 }E 450 3!'2{ 349 )7

779999769978\1 94999942494y 521249956870!
4,51 4,49 347

2 ~ 60624978434 374998562 94999942490

3031?3285921 )| 3,46

N 5

5156244608 6874992811 749997124 6799986198233
1637498706}3 (093746765} 67734366913} E43359172§,€6650387592}
119999079885 1477999976997 1546999965495
Eosz;wgmas} E4749997124§ 8999988498}3
62890611521 5599995399420 138999988498 249991373
1@24999137%4999942492 (7999976997? [ 342 ]( 452 ?L 450 JH 348 j
348 4,49 4,51
19 ] 1
91625968981 122167958647 (488671834563, 1954687338261 781874935302
69999854963 ( 1,38 2,40 j( 2,42 3( 244 )( 2,46 }
25781223043 [434374964057| 173749985622
343 445 4,47
{71374319? Ezgsamw 14453057‘5
aes o2 S 3031248921 68749928115| 347499971246
18 345 4,46 4,48
G124995684§ Gas%uw? E71484352£§_.€)3613264?9 SS0RATIIR
347 443 a4 3,39 8212499568693
3,47
303124892104 ,_B6874992806] 47499971226
( 3,45 }{ 446 j ( 4,48 }
25781223025\, 3437496403 173749985613
E 343 H 4,45 } ( 447 )
! 17 628906114 171874819 687499278
443359172 108397931 527099482 5726623061 3,42 4,44 4,46
241 2,39 237 L 235 1,34
40722652869
429687050 3574217625 _d(10180663279) 0 32% 86
4,42 4,40 3,38

018066321 787108811 714843524
859374100 714343525 72265267 3,38 4,39 { 4,41 )
)
16
1431655765 ) _[7908874353 635497413\ (50541989653 12216795861
62890611509 ( 132 )“[ 234 J C 2,36 ) { 238 ) ( 2,40 }
429687049 357421762 036132643
442 4,40 339
6144530574
60361326353 E357421757H 64296870283
B39 240 iz 1737499855803 §3437496395Y , 3257812229
447 4,45 343
5090331589\ ,_[678710878 714843514
( 337 >“[ 439 3 { 44 )
(1272582897 714843482 678710870 018066306
N 335 A 441 4,39 3,38
14
3817748693\ (954437173 238609293 59652323 89478485 357421741 3393554353\ _, (2545165765
2,35 233 2,31 2,29 1,28 4,40 438 3,36
39768215
A 431 R 330
13
254516579 3393554393\ (1357421757 159072861 22369621 29826161 119304645 277218581 190887432
3,36 438 4,40 332 1,26 2,28 2,30 232 2,34
018066318 ,_[678710878 714843514 19884107 13256071 53024285
3,38 4,39 441 3,29 4,30 4,32
@722652725 <3393554373) K848388593] (636291445> (6787108709) K169677717§ [12725 2883]
3,40 4,38 4,36 334 79536125
(357421742) [39355435%090331533
(318;%%717){12419428{3 (696777153 @36132615

Figure 8. Collatz tree (A).
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953640!
BBl
d I3 =
5302426 1325606 1988410
4,32 \ 430 3129)
59652309
2,29

9942037 [i3256049) 302419
3,28 h 430 / 432
- - 11 69677556% 424193897 63629083
932067 1398101 4,37 L 435 334
L 223 1,22
64838778 61209694 3
4,36 L 434 )

9942051
L 328
976820 53024273
3,30 \ 432

5907282 106048547

332 L 433
988379 2 o 0604691
3,29 N y 4,33

51779
L 422 J 1

1988408 E 3 0604845
V25889 19417 Y m 33
N 421 / 319 |

932053
2,23

207121 155341 7

s a2 _ELH 5461 [ 7281
1,14 A 216/

72414243 /621365 )

AN Z AN 3'24 Z

V" 414225 310669
h 425 ) 3,23
8284517 1242677
L 425 J 3,25

38797 51729
3,20 \_ 422/
155189 7103459
3,22 L 423

103153 77365
\_ 423/ 321

Figure 9. Collatz tree (B).
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8(7) -> 11

S9) ->7

S(11) -> 17

S(15) -> 23

S5(17) -> 13

S(19) -> 29

8(23) -> 35

S(25) -> 13

S5(27) -> 41

S(31) -> 47

8(33) -> 25

S(35) -> 53

So that only odd numbers in S(1) can go to 1 on Collatz Conjecture iteration,
and the minimum odd number turn to 1 is 5 (the 2nd number). To take S(1) as
the trunk, there should be only one branch (41 + 1 sequence) connected to each
number in the $(1). In the same way, there should be only one sub branch con-
nected each number in the branches. For any branch, there should no loop exist.
For any odd number on the tree, there should be only one route down to the trunk
5(1) on Collatz Conjecture iteration, then go to 1. All of the odd numbers should
be on the tree which means for any odd number, there is a route and only one
route to the trunk S(1) then to 1 on Collatz Conjecture iteration. Figure 8 and
Figure 9 show a Collatz tree with 21 numbers in the 8(1) trunk. There is no branch

connected to Group 0 number.

6. Conclusion

For Collatz Conjecture is just one case of new introduced Base-X Conjecture -
Base-3 (Ternary), and based on Base-X number system property and Collatz Con-
jecture iteration, it has been proved that for any positive integer D, there are nand
m existing for D"+ Y"=2". D"+ Y"is just the result built up by collecting divided
by 2 of Collatz Conjecture iteration. Divided by 2” will make the Collatz Conjec-
ture get a result of 1 for any positive integer. Collatz tree further confirmed that
for any odd number, there is a route and only one route down to 1 on Collatz
Conjecture iteration. So it could be said that “Collatz Conjecture should be true

for any positive integer’.
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