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variable &: - minimum remainder
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variable a: - the number of vertices
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Abstract:

This publication directly follows on from the publication - (1) Collatz's conjecture (search for
useful relationships) dated 15.8.2022.

The publication tests the relations from (1) and reveals other connections.

Finding evidence for the Collatz hypothesis. This work shows that Collatz's hypothesis is
apparently true.
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VSeobecny fraktal pre 3n+1/ General fractal for 3n+1

pic. No.1 Vyznam premennych a, b, n / Meaning of variables a, b, n

V nadvaznosti na publikaciu (1) Collatz's conjecture dostaneme tieto rovnice: / In terms of
publication (1) Collatz's conjecture, we get the following equations:

3°-2"+e,
n = 3 a4 (11)
2"-3
b=int(AEE) + 1 (1.2)

n — istheinitial number
a, b — seepic. No.1
g — is corrective term, €, € integer

i@=7

i2=5

jo=ja+(2-1)

j@=jm+(3-1)

pic. No.2 Vyznam premennych Lo, / Meaning of variables Lo,
. . <a . . .
_ l.1 a—l1 _ a ]k _ lk a—l.k _ a
g, = (2 3 2 )+ Ez(z 2)(2 3 2 ) (1.3)
ik — peak, jk — decline: pic No.2

VSeobecny fraktal musi spifiat kongruenciu (pre platnost Collatz conjecture): / A general
fractal must satisfy the congruence (for the validity of the Collatz conjecture):
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3a—2a+sk50 mod(Zb—Ba)

Obdobne, v zmysle publikacie (1) dostaneme pre zakladny fraktal, kde g = 0 platnost

Collatzovej hypotézy na celom definiénom obore (okrem trivialneho rieSenia rovnice, kde
a=1, b=2).
/ Similarly, in the sense of publication (1), we get for the basic fractal, where g = 0, the

validity of the Collatz hypothesis on the domain of a function (except for the trivial solution of
the equation, where a=1, b = 2).

n./
e .

b=int(a*In3/In2)+1

pic.No.3 Basic fractal: g = 0

Example:
a=7 b=12

i(1)=3 i(2)=5

jm=1

7ln3

b = int(=,

e, = (2”3“ - )+ Z( )(2 3" 2“)=
(2337 2 )+ (2 - 2)(2537 > 27)= 1480

3°-2%+¢
3’2 +1480
n=-— k= = = 1.8538..
2"-3 237

3" = 2 + 1480) mod (2'* — 37) =1630

Y+ 1=12
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Testovanie v Pythone / Testing in Python

Pre zakladné testovanie odvodenych matematickych vztahov si Citatel méze stiahnut
zdrojovy kéd programov v pythone pre tri pripady. Zakladné veli€iny, ktoré program vyrata su
znazornené na obr. 4. Pri testovani vznikli opakujuce sa vzory s periédou T=665. / For basic
testing of the derived mathematical equations, the reader can download the source code of
the python programs for the three cases. The basic quantities calculated by the program are
shown in fig. 4. During testing, recurring patterns with a period of T=665 were created.

3n+1: basic fractal . ./.
| ././. %
./ \./ T deita

a,
n b=int(a*In3/In2)+1

pic. No. 4 Zakladné veliiny / Basic variables.

Basic Fractal Test
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Basic fractal -Collatz conjecture : 3n-1, 3n+l

Author: Ing. Robert Polak

Contact Info: robopel@robopol.sk

website: https://www.robopol.sk

Purpose:
Collatz hypothesis test 3n-1, for basic fractal,
n=(3"a-2"a)/(3"%a-2"b)
or
Collatz hypothesis test 3n+1, for basic fractal,
n=(3"a-2"a)/(2"b-3"a)

type: console program
Copyright notice: This code is Open Source and should remain so.

To end the program, press @ and the enter.
3k 3k 3 3 ok >k 3k ok ok ok ok ok 3 Sk ke sk 3k 3k Sk ok 3k 3k ok 3k 3k ok ok ok ok ko ok ok ok ke Sk sk sk 3k ok sk sk ok sk 3k ok 3k ok ok ok ok ok ko ok ok ok e ks sk ok ok Sk ok ok ok 3k ok 3k ok ok ok ok ok ok ok ok ok ok kb ok ok ok ok ok ok

Choose enter 1 for 3n-1 or 2 for 3n+l:

download source in GitHub: basic_fractal_test_collatz.py



https://github.com/robopol/Collatz-conjucture/blob/main/basic_fractal_test_collatz.py
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3n-1: A=((3~a-2"b)/2~b)*n-(37a-2"a)/2"b for a=100 ... a=10000

020

vanabie A: - remainger

0 2000 4000 6000 8000 10000
varial vertices

pic.No.5: Delta graph for sequence 3n-1

3n+1: A=((37a-2°b)/2"b)*n+{3"a-2~a)/2"b for a=100 ... a=10000

0.175
il
0.150 3

0.050

0.025

0.000

0 2000 4000 6000 8000 10000
variable a: - the number of vertices

pic.No.6: Delta graph for sequence 3n+1

Z priebehu vidime opakujuce sa sekvencie. Program vypiSe hodnoty delta, aj rozdiely
(difference) medzi hodnotami posunutymi o periédu T=665. / From the course we see
repeating sequences. The program outputs the delta values as well as the differences
(differences) between the values shifted by the period T=665.
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Simple test Collatz conjecture
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Simple test Collatz conjecture : 3n-1, 3n+l

Author: Ing. Robert Polak

Contact Info: robopol@robopol.sk

website: https://www.robopol.sk

Purpose:
Collatz hypothesis test 3n-1, 3n+l for n-fractal,
only selected combinations, e(k)=27i*3~(a-i)-2"a

type: console program
Copyright notice: This code is Open Source and should remain so.

To end the program, press @ and the enter.
3k 3 >k 3k sk ok sk ke ok sk sk ok sk sk ok sk sk ok sk ke ok sk sk ok ok ook sk sk sk ok sk ok s sk sk sk sk ok e sk sk sk o ok ook sk sk sk sk sk ok sk sk ke sk sk ok s sk sk sk sk ok sk sk sk sk ki sk ook ok sk ok ok ok ok ok sk sk ok ok sk ok ok

Choose enter 1 for 3n-1 or 2 for 3n+l:

download source in GitHub: simple_test_collatz.py

A={(3"a-2"b)f2"b)*n-(3%a-2~a+2"i*3(a-i)-2"a)/2"b for a=100 ... a=10000

0.06

variable &: - minimum remainder

0 2000 4000 6000 8000 10000
variable a: - the number of vertices

pic.No.7: Delta graph for sequence 3n-1
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A=((37a-2"b)/2"b)*n+(3"a-2"a+2"*3" (a-))-2~a)/2"b for a=100 ... a=10000

variable &: - minimum remainder

[ 2000 4000 6000 8000 10000
arial vertices

pic.No.8: Delta graph for sequence 3n+1

Z priebehu vidime opakujuce sa sekvencie. Program vypiSe hodnoty delta, aj rozdiely
(difference) medzi hodnotami posunutymi o periédu T=665. / From the course we see
repeating sequences. The program outputs the delta values as well as the differences
(differences) between the values shifted by the period T=665.

Advanced test Collatz conjecture
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Advanced test Collatz conjecture(2): 3n-1, 3n+l

Author: Ing. Robert Polak
Contact Info: robopol@robopol.sk
website: https://www.robopol.sk
Purpose:
Collatz hypothesis test 3n-1, 3n+l for n-fractal,
only selected combinations, s(k)=27i*3~(a-i)-2"a+2*(2*j*3~(a-j)-2"a)

type: console program
Copyright notice: This code is Open Source and should remain so.

To end the program, press @ and the enter.
A 2k 2k 2k 2k 2k A ok 2k ok 2k A ok Ak ok ok Ak ok a2k 2k 2k 2k 2k 2k ok 2k 2k ok 2k ok ok s ok ok A ok Ak ok 2k ok ok 2k ok Ak ok ok 2k 2k ok 2k 2k 2k 2k ok ok ok ok e ok ok ok ke ok ok ok Ak ok Ak 2k ok Ak ok ok 2k ok ok ok ok ok sk ok ok ke ok sk

Choose enter 1 for 3n-1 or 2 for 3n+l:

download source in GitHub: advanced_test_collatz.py
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AED>PQE=VA

3n-1: A=((3"a-2"b)/2"b)*n-(3™a-2"a+e(k))/2™b for a=100 ... a=1000

0.025

0.020 A

0.015 -

0.010

variable A: - minimum remainder

Q
o
=]
(%)
L

0.000 -

200 400 600 800 1000
variable a: - the number of vertices

pic.No.9: Delta graph for sequence 3n-1

A€ PQAEE

3n+1: A=((3"a-2"b)/2"~b)*n+(3~a-2"~a+e&(k))/2"~b for a=100 ... a=1000

0.014

0.012

0.010 A

0.008 A

0.006 A

0.004

variable A: - minimum remainder

0.002 |

0.000 A

200 400 600 800 1000
variable a: - the number of vertices

pic.No.10: Delta graph for sequence 3n+1

From the course we see repeating sequences. The program outputs the delta values as well
as the differences (differences) between the values shifted by the period T=665.

Priklad hodnét delta a rozdielov pre jednotlivé testy / Example of delta values and
differences for individual tests.
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A
1 il

2 [3n+1

3| 1332
4] 1333
5 1334
6 1335
7|

8 |3n-1

9 540
10| 541
1] 542
12] 543
13

14 3n+1

15| 1332
16 1333
17 1334
18| 1335
19|

20 |3n-1

21| 540
22| 541
23 542
24 543
25

B c

period T=665
0,125098226036732
0,062942017165296
0,101396743563014
0,013967435630142

period T=665
0,159943087174453
0,140128053857481
0,0159283904667 36
0,105096040393110

period T=665
0,062330832936739
0,000611184228557
0,018056134226960
0,002357424881576

period T=665
0,134911777406487
0,018972043136457
0,002020648158601
0,014229032352343

D

test basic fractal

1997 0,125147342271170
1998 0,063163040220264
1999 0,101313859917401
2000

0,013138599174009

test basic fractal

1205 0,159862759373185
1206 0,140308791410335
1207 0,017238737724928
1208 0,105231593557751
simple test
1997 0,062246243866319
1998 0,000916796353946
1999 0,017969612341759
2000 0,002163225007670
simple test
1205 0,135048632179019
1206 0,019147491615977
1207 0,000711084466829
1208

0,014360618711983

diference
0,000049116234437
0,000221023054969
-0,000082883645613
-0,000828836456132

diference
-0,000080327801268
0,000180737552854
0,001310347258193
0,000135553164641

diference
-0,000084589070420
0,000305612125389
-0,000086521885201
-0,000194199873907

diference
0,000136854772531
0,000175448479520
-0,001309563691772
0,000131586359640

Tab. No.1 Example of delta values and differences for individual tests.

Peridoda T=665 / Period T=665

PriCinou periédy v testoch, vid. (obr.7-10) je tato skuto¢nost: / The reason for the repeating
patterns (see pic. No 7-10) is:

In3

665 In2

665 -~

pretoze/ because

~ int(665
3 _ int(665

In3
n2

In2

n 3 ) = 0.0000629795..

(2.0)

(2.1)

Vv rovnici pre premennu b sa zaokruhluje na celé Cisla / in the equation for variable b is
rounded to integer numbers.

for 3n-1:

. In3
b = int( alnnz

for 3n+1:
b = int(

aln3
In

)+ 1

Vyhodnotenie testov / Evaluation of tests

Testy rovnice (1.3) ukazuju, Ze sa opakuju vzory s mali¢kymi rozdielmi pre delta. Teda
intuitivne sa javi, ze Collatzova hypotéza by mala platit do nekonecna. Nie je to vSak
exaktny dbékaz. Trivialne rieSenie (priklad 1,4,2,1) je skér vynimka ako pravidlo. / Tests of
equation (1.3) show that there are repeating patterns with small differences for delta. Thus, it
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appears intuitively that the Collatz hypothesis should have been valid indefinitely. However, it
is not an exact proof. A trivial solution (example 1,4,2,1) is the exception rather than the rule.

Pokus o zjednodusSenie rovnice 1.3 / Attempt to simplify
equation 1.3

_ i a—i a A i, a=i a
sk—(Z 3 —2)+. ) (2 —2)(2 3 —2)
i=2,j=2
a < T, a af Joa™!
~2 +z(2 —2)(—2)=—2(2@" —Zjend—l) (3.0)
i=2
i a-ip  USe i a—i, _qf j 1 _
g =23 '+ % (2 —2)23 —2(2 —Zjend—l) (3.1)
i=2,j=2
for 3n-1:
32"+ a b a
n=3a—2b":> g, = —1)3 —n2 +2

if is Collatz (3n-1) true must be: (except for trivial solutions)

ij<a

- | o .
(m-13"-n2'+2'#23 '+ 3 (2-2)2'3 - 2“(2’ ST 1)
i=2, j=2
a b af 1 . i a-ip  WSe g i a—i
(n— D3 —n2’ +22" —2j |#2'3 '+ 2(2—2)23
i=2, j=2
(3.2)
for 3n+1:
3°—2%+e b
Tl=2b—3ak$ sk=n2 —(Tl + 1)3a+2a
if is Collatz (3n+1) true must be:
b ¢ a i a-ip  HST i a—i _gf j+1 ,
n2’—m+ D3 +2°%23 '+ Y (2—2)23 =22~y —1
i=2, j=2
b a af Joatl . P e Ji Lo 07k
n2 = (n+ 03"+ 22" -2 =23 '+ 2(2—2)23
i=2, j=2
(3.3)

10



Collatz conjecture - testing

ij<a . .
j i a—i
Problematicky je &len Y (2"— 2)2"3 ¥ ktory nie je mozné dalej zjiednodusit. / The
i=2, j=2
ij<a . .
I Yo T4
equation ), (2 - 2)2 3 is problematic.
i=2, j=2

Basic fractal for 3n + 0

V zmysle obr.4 vytvorime rovnicu pre zakladny fraktal (3n + 0) a dostaneme: / In
accordance with Fig. 4, we create an equation for the basic fractal (3n0) and get:

for 3n + 0:
A= zb n — n‘ (4.0)

z rovnice plynie, ze pre n>0 je vzdy A>0 / it follows from the equation that for n>0 it is always
>0.

Rovnica (4.0) dokonca vyhovuje vS§eobecnému fraktalu. Teda nezalezi na kombinaciach.
VSeobecny fraktal sa poc€ita rovnako ako zakladny fraktal, o pre postupnost 3n + 1 neplati.
/ Equation (4.0) even fits the general fractal. So the combinations don't matter. The general
fractal is calculated in the same way as the basic fractal, which is not the case for the

3n + 1 sequence.

Vyjadrime A pre zakladny fraktal 3n+1 / A for the base fractal 3n+1 is:

for 3n + 1:
a b a a
3 -2 3 -2
b b 4.1)
example:
a =657, b=int(Z22) + 1= 1042
for 3n+1:
657 657
. 3 -2 40
n=intl——|= 2
( 21042_3657 )
657 1042 657 657
3 -2 3 =2
A = |=—m7—n + ~—5—| = 0.12703.
for 3n:
3657
A =572 - 2| = (.7513..

11
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3n - test Collatz conjecture

3t sfe 3 ofe s e st e sk sk sk o s sk sfe sk e skl s sk she sk sk sk ok sk sk sk s e sk sk sk sk sk o s sk ke sk e sk ke s sk sk sk sk sk ol sk sk ke sk e sk ke sk ok sk o s sk ol sk e sk ke e sk sk sk sk sk ol sk sk sk sk e ok ke ok ok ok sk ok

Collatz conjecture : 3n

Author: Ing. Robert Polak

Contact Info: robopol@robopol.sk

website: https://www.robopol.sk

Purpose:
Collatz hypothesis test 3n,
n_int=int((3**a-2%**a3)/(2**b-3**3))

delta=abs((3**a/2**b)*n_int-n_int)
type: console program

Copyright notice: This code is Open Source and should remain so.

To end the program, press @ and the enter.
3k e s sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk sk sk ok sk sk sk skook sk sk sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk koK s sk sk sk ok sk sk sk sk sk ok sk sk ok sk sk sk sk ok sk sk kR skok sk sk skokok skokok sk ok sk skok R sk ok

Choose enter 1 for 3n-1 or 2 for 3n+l:

download source in GitHub: 3n_test_collatz.py

3n: A=abs((3**a/2+*b)*n_int-n_int) for a=100 ... a=10000

0 2000 4000 6000 8000 10000
variable a: - the number of vertices

12
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3n-1: A=abs((3**a/2**b)*n_int-n_int) for a=100 ... a=10000

variable A: - remainder

0 2000 4000 6000 8000 10000
variahle a: - the nimher of varticas

pic.No.11: Delta graph for sequence 3n

Testovanie ukazuje podobnost s priebehom obr.6. Rozdiel je v hodnotach, kde pre
postupnost 3n ma delta o nieCo vys3ie hodnoty. TaktieZ je tu pritomna periéda 665. / The
testing shows a similarity with the course in Fig.6. The difference is in the values, where for
the sequence 3n the delta has higher values. The 665 period is also present.

Zaver/ conclusion:

Postupnost 3n + 1 su si velmi podobné v spravani a priebehu s postupnostou 3n. To je
v8ak oCakavany jav, pretoze pre velké €islan —» o, + 1 zohrava ¢oraz menSiu rolu. Plati
teda, Zze 3n + 1 ~ 3n./ The 3n + 1 sequence is very similar in behavior and progression to
the 3n sequence. However, this is an expected phenomenon, because for large numbers

n - o, =+ 1 plays an increasingly smaller role. So itis true that3n + 1 ~ 3n.

Pre postupnost’ 3n v3ak vieme, Ze pre Ziadne Cislo - n nedosiahne vyvoj rovnaku uroverni.
Neddjde teda nikdy k opakujucej sa sekvencii Cisiel. Neexistuje ani trivialne rieSenie. Pre
vSetky kombinacie plati rovnaka rovnica 4.0 / However, for the sequence 3n, we know that
we will not achieve the same level of development for any number - n. So there will never be
a repeating sequence of numbers. There is not even a trivial solution. The same equation
4.0 applies to all combinations.

Jednotlivé testy naznacuju, Ze Collatzova hypotéza je spravna a vynimky najmé v
postupnosti 3n-1 platia iba pre malé ¢isla n. Pre malé Cisla existuju trividlne rieSenia,
kde +-1 v rovnici vyvkompenzuje postupnost’ 3n, ktora nikdy nedosiahne opakujtcu sa
sekvenciu cisiel.

/ individual tests indicate that Collatz's hypothesis is correct and the exceptions,
especially in the sequence 3n-1, apply only to small numbers n. For small numbers,

13



Collatz conjecture - testing

there are trivial solutions where the +-1 in the equation compensates for the sequence
of 3n, which never reaches a repeating sequence of numbers.

Z hladiska rastu postupnosti 3n + 1 nad vSetky medze nie je v tejto praci rozoberana, aviak
z hladiska pravdepodobnosti je vylu€ené, aby nejaka postupnost 3n + 1 ¢asom nenarazila

na hodnotu Zk, fork € N.
/ From the point of view of the growth of the 3n + 1 sequence beyond all limits, it is not
discussed in this work, but from the point of view of probability, it is excluded that the 3n + 1

k
sequence does not encounter the value 2, fork € N.
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