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Abstract:

ENG/ Finding useful relationships in the Collatz hypothesis.

This publication will be about the Collatz conjecture (1). This problem is also
known as the 3n + 1 problem, Ulam's problem (after Stanistaw Ulam),
Kakutan's problem (after Shizu Kakutani), Thwaite's problem (after Sir Bryan
Thwaites), Hasse's algorithm (after Helmut Hasse), or also as the Syracuse
problem. So far, no one has satisfactorily proved the Collatz hypothesis
mathematically. Jeffrey Lagarias stated in 2010 that Collatz's conjecture "is an
extremely complex problem that is completely beyond the reach of modern
mathematics. Before him, Paul Erdds made a similar statement (roughly:
mathematics is not ready for such problems).

= ifn=0 (mod 2)

3n+1 ifn=1 (mod 2). 0
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unsolved problems in mathematics. The conjecture [ Collatz sequence for x=27
asks whether repeating two simple arithmetic |

operations will eventually transform every positive
integer into 1. It concerns sequences of integers in 8000 1
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version 1.0 :

download the code from GitHub: collatz.py

or download ".exe" file: collatz.rar (compressed WinRar, size: 72MB)
version 1.1: (also lists maxima, kivy app)

download the code from GitHub: collatz1.py

or download ".exe" file: collatz1.rar (compressed WinRar, size: 80MB)

Postupnost’ 3n-1 /sequence 3n-1

def:
for: f(n) =3n — 1, ifn=1(0mod?2), f(n) =n/2, if n = 0 (mod 2) (1.1)
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version 1.1: (vypiSe aj maxima, kivy app)


https://github.com/robopol/Collatz-conjucture/blob/main/collatz.py
https://www.poling.sk/python/collatz.rar
https://github.com/robopol/Collatz-conjucture/blob/main/collatz1.py
https://www.poling.sk/python/collatz.rar

download the code from GitHub: collatz1_3x-1.py
or download ".exe" file: collatz1 3x-1.rar (compressed WinRar, size: 80MB)

Program vypi8e maxima aj posledné Cislo postupnosti, teda >1, =1. Pokial narazi na
opakujucu sa sekvenciu skon¢i pri >1. Pri preskimavani intervalu zobrazi len maxima na
grafe. Pokial by sa graf nezobrazil znamena to (okrem vypoctovej naro¢nosti vstupu), Zze
program nenasiel periody pre vSetky Cisla z intervalu, resp. neskoncil na 1. To by
znamenalo, Ze sa program zacyklil. To sa vSak z kratkych testov intervalov Cisiel nestalo.
/ The program prints the maximum and the last number of the sequence, i.e. >1, =1. If it
encounters a repeating sequence, it ends up being >1. When examining the interval, it will
only display highs on the chart. If the graph is not displayed, it means (in addition to the
computational complexity of the input) that the program did not find periods for all numbers
from the interval, or did not end at 1. This would mean that the program looped. However,
this did not happen from the short interval tests.

Algoritmus naSiel 2 opakujuce sa sekvencie, okrem zostupnej linie 2*n , zapiSme si to
nasledovne: / The algorithm found 2 repeating sequences, except for the descending line
2"n , let's write it as follows:

(1) -is the descending line of 2*n [...32,16,8,4,2,1]

(2) -is a repeating sequence of numbers [ 5,14,7,20,10]

(3) -is a repeating sequence of numbers
[17,50,25,74,37,110,55,164,82,41,122,61,182,91,272,136,68,34]

fv v

Kratky test pre interval <3,1000> vypis niZ8ie: / Short test for interval <3.1000> listing below:

(s, 11, 4, 11, (s, 21, (e, 11, (7, 21, (8, 1], [9, 2], [10, 2], [11, 1], [12, 1], [13, 2], [14, 2], [15, 1], (16, 1], [17, 3], [18, 2], [19, 2], [20, 2], [21, 3], [22, 1], [23,
3], [24, 1], [25, . 2], [27, 2] 8 (29, 1] 1], (33, 3], [34, 3] 2 (36, 21, (37, 3], [38 1], 140, 2], [41, 3], [42, 3], [43,
1], [44, 1], [45, . 3], (47 (49, 3] 2], [53, 1], [54, 2] (56, 2], [57, 1], [58 0, 1], [61, 3], [62, 3], [63,
2], [64, 1], [65, 6, 3], (67 (69, 1] 2 2], (73, 3], 3 (76, 21, (78 2], [81, 2], (82, 3], [83,
3], [84, 3], I[85, 6, 1], [87 (89, 2] 3 9 [92, 31, [93, 2], 2 . [96, 1], [9 (98 (o0, 33, [101, 1j, [102, 2j, [
103, 1], (104, 2], , [106, [108 (111, 112, 2 [ 114, 1], 116, (118, 1], [119, 2], [120, 1],
(121, 2j, [122, 3], [123, 3], [ i [ [ [136; 3]y [137; 1], [138, 11,
(139, 21, [140, 2], [141, [ {154, 1], [165, 11, [1S6; 21,
{157, 11, [158, [159, [ 1192, 11 1193 11 1174 11
[l75, 31, 1175 (177, [ [190, 1, 2] (192, 11,
[193, 11, [194, [195, [ (208, 2], 31, [210, 1],
[211, 11, [212, [213, [ (226, 11, 1], [228, 1],
(229, 3], (230, [231, [ (244, 3], 1], [246, 3],
[247, 3], [248, [249, [262, 3], 3], [264, 3],
[265, 2], [266, (267, [280, 2], 2], [282, 1],
[283, 1], [284, 1], [285, [298, 2], » 2], [300, 2],
[301, 11, [302, (303, [316, 1], 2], 85 21i
(319, 31, [320, (321, 2], 2], 31,
(337, 31, [338, (339, 1, 2], 2],
[355; 2], [356, 2], [351, ’ ' .
(373, 11, [374,

(391, 3], [392,

(409, 1],
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Pre (1.1) existuju dve opakujuce sa sekvencie Cisiel /For (1.1) there are two repeating

sequences of numbers.


https://github.com/robopol/Collatz-conjucture/blob/main/collatz1_3x-1.py
https://www.poling.sk/python/collatz1_3x-1.rar

Fractal (1): seq, = [5,14,7,20,10] (1.2)

Collatz sequence 3x-1 for x=5, max = 20, last numberis 5

20 1

18 1

16 1

14 1

12

value Collatz
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wun
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number in sequence

Fractal(2):
seq, = [17,50, 25,74,37,110,55,164,82,41,122,61,182,91, 272,136, 68, 34] (1.3)

Collatz sequence 3x-1 for x=17, max = 272, last numberis 17

250 ~

200 ~

150 ~

value Collatz

100 ~

50 1

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
number in sequence

Vytvorme rovnicu pre seq.: / Let's create an equation for seq,:

n =+(5(3(z6n - 1) - 1)) (1.4)
upravme:
n=+(3Gn-1-1)
_ 9 5
n=%g -3
n=>5

Rieseniu rovnice (1.4) vyhovuje iba seqll Only seq, satisfies the solution of equation (1.4).

Pre rovnicu (1.0) vznikne rovnica: / For the equation (1.0), the equation will be:



1

n = 7(%(3(%(311 + 1)) + 1)) (1.5)
upravme:

4+ 2=0

n=—>5

Toto riedenie je v3ak nepripustné, kedZe sa jedna o zaporné &islo. / However, this solution is
inadmissible, as it is a negative number.

Vytvorme rovnicu pre seq,: / Let's create an equation for seq.,:

—BHBEBETBEFBEHEEE-1)) - 1)) - 1) - 1) — 1) — 1) — 1)

= n (1.6)
upravme:

139n 2363
2048 2048

n=17

=0

RieSeniu rovnice (1.6) vyhovuje iba squ/ Only seq, satisfies the solution of equation (1.6).

Pre rovnicu (1.0) vznikne rovnica: / For the equation (1.0), the equation will be:

T BGBHBEHTBEHBEHEEHE+ ) + 1) + D) + 1) + 1) + 1) +1)
=n (1.7)

n =— 17

Toto rieSenie je v3ak nepripustné, kedZe sa jedna o zaporné &islo. / However, this solution is
inadmissible, as it is a negative number.



Zakladné fraktaly / Basic fractals

FRACTAL
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Pic. No.1 Basic fractals for sequence 3n-1

Odvodme rovnice pre fraktaly z obr. 1/ Let us derive the equations for fractals from fig. 1

1 .2
L2 L _0-n-1=0 n=—1

2 2
2 .3
2) Lot Mg p—5=0; n=5
3 4
3) 3 —zi)n _ 3-3+32'42+2'2 =0; 11n—19 =0; n # integer
7 .11 6 .5 4.2 3.3 2.4 5, ,6
4) (3 —;1 Jn 3432432 +32'121 t3 2432 +2 _ 0; 139n — 2059 = 0; n # integer

Da sa odvodit vSeobecna rovnica pre N- fractal: / A general equation for the N-fractal can be
derived:

for a=integer, b=integer (see pic. no.1)
An — B =0; n=B/A; If BmodA = 0; = n isinteger solution
(1.8)

A=3"—-2"

(1.9)



is not identical
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pic. No.2 Porovnanie fraktalov / comparing fractals

Vypocet pre dve varianty v zmysle obr.2 / Calculation for two variants according to fig.2

7 11 6 5 4 2 3.3 2 .4 5 6
3-2)n 3432432 +3 -2 4+3-2 +3:2°4+2 .
G- )n _ 2 =0; 139n — 2059 = 0; n # integer
2 2
7 11 6 5 4 2 3.3 2.5 6 7
3-2)n 3+3 243 -2 +3-2+3-2° +3:2 42
G-Z)n _ 2 =0; 139n — 2363 = 0; n = 17
2 2

Pre B pripad sa na konci rovnice zvysila mocnina dvojky. / For case B, the power of two was

increased at the end of the equation.

Tvrdenie /statement:



To znamena, Ze rézne variacie fraktalov vedu na kombinatorickt expléziu. / This means that
different variations of fractals lead to a combinatorial explosion.

Rovnica (1.10) sa da upravit na jednoduchSiu rovnicu: / Equation (1.10) can be modified to a
simpler equation:

a . .
B = Z 3a—1.21—1=3a_2a
i=1

(1.12)

(1.13)

For neZ a < b: (3" — 2% mod (3" - 2”)= 0
(1.14)

solution (1.14) is:
a=1b=2and a=2,b =3

Test:
Ak ma zaciatok a koniec fraktalu (obr.2) skonCit’ na rovnakej urovni potom existuje priama
zavislost medzi "a" a "b". Tato zavislost je nasledovna: / If the beginning and end of the

fractal (Fig. 2) should end at the same level, then there is a direct dependence between "a
and "b". This dependency is as follows:

b , In3
3">2"  =b=int(E5)
(1.15)

into the equation (1.13):

3(1_ a
Ry
(1.16)
example:

a=7 b=int(7ln3/In2) =11

Dostali sme rovnicu s jednou premennou. Pozrime sa na priebeh tejto rovnice / We got an
equation with one variable. Let's look at the progression of this equation.



equation n=(3"a-2"a)/(3"a-2"b)

140000 -

120000 -

100000 -

80000 -

value n

60000 -

40000 A

20000

]]JJJ

0_

||||Ilu... ‘lllllum. ||||I|m... ‘hllluu.. ||||I|n... ’III"II“..
0

20000 40000 60000 80000 100000
number a

pic. No.3 graph of the equation (1.16)

Dékaz / proof.

Upravme rovnicu (1.14) do iného pozadovaného tvaru: / Let's modify the equation (1.14) into
another desired form:

3a _ 2a = 0mod (3a _ Zint(a ln3/ln2))
(1.17)

potom/ next:

a

w
1l

2a (mod (3(1 _ 2int(aln 3/ln2))

)

—
-_—
—_—
(o]

~—"

2" je mozné rozlozit iba na sucin dvoch parnych Cisiel okrem gisla 1. / 2% can only be
factored into the product of two even numbers except the number 1.

example:
2°=16-16=32-8=2-128=4-64=1 - 256

Pripad (1) / case (1):

. a int(aln3/in2) | . i .. . .
glen3 — 2 je v8ak vzdy neparne Cislo. Pretoze plati: / however, the term

(3a _ 2int(a In3/Iln2 ))

is always an odd number. Because:

int(aln3/In2
3 — s always odd; 2 ( /n2) _ is always even



odd number — evennumber = always odd number

takze Za mod (3a _ 2int(a In3/In2)

Za mod (3a _ Zint(a ln3/ln2))

) musi mat vzdy nenulovy zvySok, okrem mod (1). / so

must always have a non-zero remainder, except for mod (1).

Z toho teda vyplyva, ze kongruencia nie je mozna: / It therefore follows that congruence is
not possible

0 = 0(mod (3" -2

int(a ln3/In2 i i
int(aln3/In ))) - congruence is not possible.

Pripad (2) / case (2):
Nenulové zvySky /non-zero remainder

Pre zjednoduSenie urobme substituciu: / For simplicity, let's make a substitution:

int(aln3/ln2) = b
(1.19)
dosadime do (1.18): / we substitute in (1.18):

a

3 = 2" (mod (3" - 2°))

urobme maly trik: / let's do a little trick:
3 —2"+2"= 2" (mod (3" - 2")
(1.20)

a

3 —meod(Sa—Zb)=O

potom dostaneme: / then we get:

2= 2" (mod (3" - 2")) (1.21)
zavedme substituciu: / let's make a substitution:
a b
y=3 —2
(1.22)

potom dostaneme: / then we get:

2’ = 2° (mod )

(1.23)

next:

b=a+ ¢ (substitution)

(1.24)

21 = ot (mody) (1.25)

upravme na tento pozadovany tvar: // let's adjust to this desired shape:
2%9% = 2° (mod )
(1.26)



Tato kongruencia méze platit ak y = 1 (uvedené jednoduché rieSenia), dalej iba ak plati: /
This congruence can hold if y = 1 (given simple solutions), then only if:

2%=1 (mod )

Tato podmienka vSak nie je splnena, pretoze : / However, this condition is not met because:
2% %1

¢ fna a.¢ i .
2 ¢1+](3 —22); J € integer

2% <3 - 2%% foria>2

2% 1+ j(3"-22% j=1
(1.27)

VSeobecny fraktal / General fractal

Pokusim sa zovSeobecnit’ vztahy, ktoré platia pre vSeobecny vzor/fraktal. / | will try to
generalize the relationships that apply to the general pattern/fractal.

pic.No.4 ukazka vdeobecnych vzorov Collatz conjecture / an example of general Collatz
conjecture patterns.

Pre vSeobecny fraktal v zmysle rovnice (1.11) (1.16) plati vSeobecny vztah: / For a general
fractal in the sense of equation (1.11) (1.16) the general relation applies:

a a
3 -2 +sk
n=———
a b
3 -2
(2.0)
g - is corrective term, € € integer

e =e+ k@ -2) e<3" -2

V&eobecny fraktal musi spifiat kongruenciu: / A general fractal must satisfy the congruence:

3 -2+e =0 mod(3' -2

(2.1)

upravou dostaneme aj: / modification we also get:
2" + g, = 2" mod (3a — 2b)
(2.2)



resp. / respectively:

2" teg, = 0 mod (3a - Zb) or 2" =— g, mod (3a -

(2.3)
£0=sk -2

e, =t + k(3" —2"); e<3"-2'

Example:
variant B pic. No. 2
a=7b=11¢ = 2363 — 2059 = 304

7 7
3 -2 4304
n =220 _ g7
3 -2

0
2" + 176 = 0 mod (139) : True
2"+ 37 = 0 mod (139) : True

g=e —2"=304 -2 =176, =176 — 1(139) = 37

b

)

Statement:

Pre vSeobecny fractal s premennymi - a, b vZdy existuje € < 3% — 2b, ktoré spiria
kongruenciu (2.2) alebo (2.3). / for a general fractal with variables - a, b there always exists

e < 3% — 2 which satisfies congruence (2.2) or (2.3).

Hladanie vseobecnych vztahov pre epsilon / Finding general

relations for epsilon

Najskor urobim analyzu vztahov pre varianty z obr. 4 /First, | will analyze the relationships

for the variants from fig. 4



(1) (2)

a=7,b=11
a=7,b=11
i=4
M
(3) 4)
a=7, b=11 a=7, b=11
=3, 2xi=4

: AN NGO

pic. No.4

variant (1):
a=7b=11¢ = 2363 — 2059 = 304

3

3% 43%. 243224332432, 2° £3.20472

2363 =3" - 2" + e,

ek=32-24+31-25+3°-26=304
sk=24-37‘4—27=2i-3“"'—2“; i=4
variant (2):

a=7b=11,i=3

30 +3%. 243" 224332132 2° +3.204727

2579 =3 - 2"+ e,

sk=33-23+32-24+31-25+3°-26=520

e =23 -2/ =2.3""-2%i=3

variant (3):

je superpoziciou variantu (1) a (2) /is a superposition of variant (1) and (2)
a=7,b=11,i=3,i =4

sk=(23-37_3—27)+ 2 -(24-37‘4—27)= 520 + 2 - 304 = 1128
variant (4):

a=7b=11, i=4

sk=(24-37_4—27)+2 ~(24-37‘4—27)=304+2-304=912



(5) variant

a=7,b=11

pic. No.5

variant (5):
a=7,b=11,i=3,i=5

3 7-3 7 5 7-5 7
e, =(27-37"-2")+6-(27-37 - 2")= 1480
rozdiel medzi variantom (5) a (3) je v tom, Ze pri i=5 vrchole dbjde o jeden pokles naviac,
preto tam je 6 x nasobok. / the difference between variant (5) and (3) is that at peak i=5

there is one more drop, therefore it is a 6 x multiple.

Tieto vztahy je mozné zovSeobecnit na : / These relations can be generalized to:

_ i1 a—i1 _a i2 a—i2 _a i3 a—i3 _a i4 a—i4_ a i5 a—i5 _a
g, =(2'3 2)+2(23 2)+6(23 2)+14(23 2°)+ 30(2°73 2)
2=2-1,6=02+1)-214=(6+1)-2,30=14+1)-2..

(2.4)

V rovnici (2.4) nemusia byt postupne vsetky &leny, ak ide o viac ako 2 nasobny pokles

i
2

(napr.3), potom tam nebude ¢&len 2(2l23a_ — 2%) a miesto neho bude &len 6(273" % — 2
In the equation (2.4) not all terms have to be successively, if it is a more than 2-fold

)1

decrease (e.g. 3), then the term 2(2123(1_12 —~ Za) will not be there and the term6(2123a_l2 —~ Za)
will be there instead.

vSeobecne formalne by bola zapisana rovnica (2.4) nasledovne: / in general, equation (2.4)
would be written formally as follows:

<, i a—i
t- 2+ Ez(z’ - 2)(2'3 * -2
i — peak, jk — decline

k
(2.5)

i

g, = (2i13a_



ie)=7

i@2=5

jo=j@+(2-1)

j@=jm+(3-1)

pic. No.6 Vyznam premennych Lo, / Meaning of variables Lo,

Treba mat na pamati, Ze rovnica nemusi obsahovat v8etky €leny postupne, ani v sucte radu.
Preto je to len formalny zapis (nie presny). Priklad variant (5) ukazuje chybaijlce ¢leny. / It
should be remembered that the equation does not have to contain all the terms in sequence,
even in the sum of the series. Therefore, it is only a formal notation (not exact). variant
example (5) shows the missing members.

Conclusion

Bohuzial pre v8eobecny fraktal to vedie na zloZité rovnice (2.4)(2.5). Pre splnenie
kongruencie (2.2) alebo (2.3) nebude asi mozné vSeobecne nieco vylugit, pretoze vztahy
pre g, vedu na zlozité vztahy. Vztahy vSak je mozné vyuZit pre algoritmus, ktory preveri

spocitatelné kombinacie fraktalov.

/ Unfortunately for the general fractal this leads to complicated equations (2.4)(2.5). In order
to fulfill the congruence (2.2) or (2.3), it will probably not be possible to exclude something in
general, because the relations for £, lead to complex relations. However, the relationships

can be used for an algorithm that checks countable combinations of fractals.




