
Abstract

The subject of this talk is the famous Collatz conjecture which is also
known as the 3n+1 problem. Let n be any non-negative integer and apply
the following transformation: If n is even divide it by 2 and if n is odd
multiply it by 3 and add 1. The Collatz conjecture is the unproven obser-
vation that no matter what number n one starts with, repeated application
of this transformation always eventually yields 1. Though extremely easy
to formulate this problem is open since 1937. In this talk we will give an
introduction to the problem, present basic facts and interpretations, and
deduce and discuss first nontrivial results.
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The conjecture

Let n ∈ N = {n ∈ Z | n ≥ 1}

If n is even divide it by 2 (even step n/2)

If n is odd multiply it by 3 and add 1 (odd step 3n + 1)

Apply the same operation repeatedly to
produce a sequence of natural numbers

Example: n = 17

17 7→ 52 7→ 26 7→ 13 7→ 40 7→ 20 7→ 10 7→ 5 7→ 16 7→ 8 7→
4 7→ 2 7→ 1 7→ 4 7→ 2 7→ 1 7→ . . .

1 7→ 4 7→ 2 is a period of the above transformation

One always gets to 1 for any starting value n ≤ 5 · 260 ≈ 5.764 · 1018

Conjecture: This is true for all n ∈ N

Shortcut: Combine odd step and even step to new odd step (3n + 1)/2
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Who discovered the problem?

The conjecture was first propose by Lothar Collatz (1910-1990) in 1937.

Other common names:
3n + 1 problem, Ulam conjecture, Kakutani’s problem,
Thwaites conjecture, Hasse’s algorithm, Syracuse problem

Mathematics may not be ready for such problems - Paul Erdős
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Interpretations

The Collatz graph: Does it cover all natural numbers?

3

6

5
10

113

75

2346

320

213

2244

8053

4

8

512 341

170

340
128

85

227 151

226 452

640

35

70

21

42

84

168

336

672

1326

12

52

682

1364

68
45

96

192

11

212
141

680
453

426

69
138

48

64

2

1280

106

2048
1365

20

208
416

104

17
16

40

424

15

256

1

140

136

384

32

34

160

1024

4096

24

1344

714

150

454

1360

n ∈ N has 2 possible predecessors iff n ≡ 2 mod 3

Note: 4-digit numbers already present, but not 9!
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Interpretations

Performing Collatz transformation in base 2:

• Multiplication by 3: 3n = 2n + n

Example: n = 19 = 100112 7→ 1001102+
100112

1110012 = 57

Problem: Carry propagation!

• Addition of 1: Replace least significant block 01 · · · 1 by 10 · · · 0

Example: n = 103 = 11001112 7→ 11010002 = 104

• Repeated division by 2: Remove least significant zeros

Example: n = 56 = 1110002 7→ 1112 = 7

Does repeated application of these three operations always lead to 12?
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Interpretations

Extend transformation to C:

f : C→ C

z 7→ z

2
· cos(zπ) + 1

2
+

3z + 1

2
· cos((z + 1)π) + 1

2

z even integer⇒ f (z) =
z

2

z odd integer ⇒ f (z) =
3z + 1

2

No case differentiation!

Is there a k ∈ N for every n ∈ N such that f k(n) = 1?
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For an odd integer c let
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n 7→
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n
2 if n ≡ 0 mod 2
3n+c

2 if n ≡ 1 mod 2

Collatz conjecture: ∀ n ∈ N : ∃ k ∈ N : Fk
1(n) = 1

From now on: c an arbitrary odd integer

May drop c if c = 1
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For any integer n let

Z
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n :=

(
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(c)
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)
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First observation

Better question: How many steps to get below the starting value?
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First result

Proposition
Let n,m ∈ Z, and k ∈ N. Then

∀ i ∈ {0, . . . , k − 1} :
(
s

(c)
n,i = s

(c)
m,i ⇔ n ≡ m mod 2k

)
In words:
The first k entries of the signatures of two integers coincide iff
the numbers are congruent modulo 2k

Proof.
Induction on k:

k = 1: X

k − 1→ k: Blackboard! (Whiteboard?)
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Second observation

Question: How to compute z
(c)
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Second result

Proposition
Let n ∈ Z and k ∈ N. Then
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(c)
n,i−1, and

O
(c)
n,i is the position of the i-th odd step
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First consequence

For a finite signature S (i.e. S ∈ {0, 1}k for a k ∈ N) let F
(c)
S : R→ R be

the function which applies even and odd steps as given in S to x ∈ R

Example: F
(c)
(1,0,1)(π) =

3

3π + 5

2
2

+ 5

2

First corollary: F
(c)
S has a unique fixed point in R

Given by: f
(c)
S =

c · dS
2k − 3oS

Example: S = (1, 0, 0, 1), c = 5

f
(5)

(1,0,0,1) =
5 · (31 · 20 + 30 · 23)

24 − 32
=

55

7

55

7
7→ 100

7
7→ 50

7
7→ 25

7
7→ 55

7
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Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Second consequence

Interpretation: Question of divisibility of certain double-base numbers

Now!

Second corollary:

There is a Collatz cycle with signature S iff f
(c)
S is an integer

If f
(c)
S is an integer then f

(c)
S is the starting value of the cycle

Example: c = 1, S = (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

f
(c)
S = −17

−17 7→ −25 7→ −37 7→ −55 7→ −82 7→ −41 7→ −61 7→ −91 7→ −136 7→
−68 7→ −34 7→ −17

Other known cycles: 0 7→ 0, −1 7→ −1, −5 7→ −7 7→ −10 7→ −5

Is f
(1)
S =

dS
2k − 3oS

=

∑oS
i=1 3oS−i2OS,i−1

2k − 3oS
a positive integer

for any S 6= (0, 1), (1, 0), (0, 1, 0, 1), (1, 0, 1, 0), . . .?



Third consequence

Third corollary: x − F
(c)
S (x) =

(
x − f

(c)
S

) 2k − 3oS

2k

In particular: sgn
(
x − F

(c)
S (x)

)
= sgn

(
x − f

(c)
S

)
sgn
(
2k − 3oS

)

Better question: How many steps to get below the starting value?
...

...
...

...
... . . .

1 1 0 1 0 · · ·
2 0 1 0 1 · · ·
3 1 1 0 0 · · ·
4 0 0 1 0 · · ·
5 1 0 0 0 · · ·
6 0 1 1 0 · · ·
7 1 1 1 0 · · ·
8 0 0 0 1 · · ·
9 1 0 1 1 · · ·

10 0 1 0 0 · · ·
11 1 1 0 1 · · ·
12 0 0 1 1 · · ·
13 1 0 0 1 · · ·
14 0 1 1 1 · · ·
15 1 1 1 1 · · ·
16 0 0 0 0 · · ·

...
...

...
...

...
. . .

S
(1)
n 0 1 2 3 · · ·

0 5000 10 000 15 000

5

10

15

20
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Fourth consequence

Question: Which n ∈ Z generate a given signature S = (s0, . . . , sk−1)?

Fourth corollary:{
n ∈ Z | ∀ i ∈ {0, . . . , k − 1} : s

(c)
n,i = si

}
= c · b · ds + 2kZ

where b ∈ Z such that 2k · a− 3oS · b = 1 for some a ∈ Z.

Example: c = 1, S = (0, 1, 1, 0, 1, 0, 0, 1)

oS = 4

dS = 33 · 21 + 32 · 22 + 31 · 24 + 30 · 27 = 266

25 · 28 + 79 · (−34) = 1

n = (1 · 79 · 266) + 28Z = 22 + 28Z

22 7→ 11 7→ 17 7→ 26 7→ 13 7→ 20 7→ 10 7→ 5
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Fifth consequence

Question: Which pairs (c , n) ∈ Zo × Z generate a cycle with a
given signature S = (s0, . . . , sk−1)?

Fifth corollary:{
(c , n) ∈ Zo × Z | z (c)

n,k = n ∧ ∀ i ∈ {0, . . . , k − 1} : s
(c)
n,i = si

}
={( (

2k − 3oS
)
· b

gcd (2k − 3oS , dS)
,

dS · b
gcd (2k − 3oS , dS)

)
| b ∈ Zo

}

Example: S = (0, 1, 1, 0, 1, 0, 0, 1)

oS = 4

dS = 33 · 21 + 32 · 22 + 31 · 24 + 30 · 27 = 266

gcd
(
28 − 34, 266

)
= = gcd (175, 266) = 7

(c , n) =
(

175
7 b, 266

7 b
)

= (25b, 38b)

38 7→ 19 7→ 41 7→ 74 7→ 37 7→ 68 7→ 34 7→ 17 7→ 38
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Collatz the number system

What is a number system?

A mapping that associates any x in some set X
with an infinite string S(x) over a finite alphabet

Example: Base 2 digital expansion for X = Z

19 7→ (1, 1, 0, 0, 1, 0, 0, . . .) (note: least significant digit first)

How to compute this string?

What about negative integers?

Use

D2 : Z→ Z

n 7→

{
n
2 if n ≡ 0 mod 2
n−1

2 if n ≡ 1 mod 2

Fc : Z→ Z

n 7→

{
n
2 if n ≡ 0 mod 2
3n+c

2 if n ≡ 1 mod 2
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Collatz the number system
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... . . .

−8 −8 −4 −2 −1 · · ·
−7 −7 −10 −5 −7 · · ·
−6 −6 −3 −4 −2 · · ·
−5 −5 −7 −10 −5 · · ·
−4 −4 −2 −1 −1 · · ·
−3 −3 −4 −2 −1 · · ·
−2 −2 −1 −1 −1 · · ·
−1 −1 −1 −1 −1 · · ·

0 0 0 0 0 · · ·
1 1 2 1 2 · · ·
2 2 1 2 1 · · ·
3 3 5 8 4 · · ·
4 4 2 1 2 · · ·
5 5 8 4 2 · · ·
6 6 3 5 8 · · ·
7 7 11 17 26 · · ·
...

...
...

...
...

. . .

Z
(1)
n 0 1 2 3 · · ·
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4 4 2 1 0 · · ·
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...
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. . .

Z
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n 0 1 2 3 · · ·



Collatz the number system

...
...

...
...

... . . .

−8 0 0 0 1 · · ·
−7 1 0 1 1 · · ·
−6 0 1 0 0 · · ·
−5 1 1 0 1 · · ·
−4 0 0 1 1 · · ·
−3 1 0 0 1 · · ·
−2 0 1 1 1 · · ·
−1 1 1 1 1 · · ·

0 0 0 0 0 · · ·
1 1 0 1 0 · · ·
2 0 1 0 1 · · ·
3 1 1 0 0 · · ·
4 0 0 1 0 · · ·
5 1 0 0 0 · · ·
6 0 1 1 0 · · ·
7 1 1 1 0 · · ·
...

...
...

...
...

. . .

S
(1)
n 0 1 2 3 · · ·

...
...

...
...

... . . .

−8 0 0 0 1 · · ·
−7 1 0 0 1 · · ·
−6 0 1 0 1 · · ·
−5 1 1 0 1 · · ·
−4 0 0 1 1 · · ·
−3 1 0 1 1 · · ·
−2 0 1 1 1 · · ·
−1 1 1 1 1 · · ·

0 0 0 0 0 · · ·
1 1 0 0 0 · · ·
2 0 1 0 0 · · ·
3 1 1 0 0 · · ·
4 0 0 1 0 · · ·
5 1 0 1 0 · · ·
6 0 1 1 0 · · ·
7 1 1 1 0 · · ·
...

...
...

...
...

. . .

S
(D2)
n 0 1 2 3 · · ·



Collatz the number system

...
...

...
...

... . . .

−8 0 0 0 1| · · ·
−7 1 0 1 1| · · ·
−6 0 1 0 0| · · ·
−5 1 1 0 1| · · ·
−4 0 0 1| 1| · · ·
−3 1 0 0| 1| · · ·
−2 0 1| 1| 1| · · ·
−1 1| 1| 1| 1| · · ·

0 0| 0| 0| 0| · · ·
1 1 0| 1| 0| · · ·
2 0 1 0| 1| · · ·
3 1 1 0| 0| · · ·
4 0 0 1 0| · · ·
5 1 0 0 0| · · ·
6 0 1 1 0| · · ·
7 1 1 1 0| · · ·
...

...
...

...
...

. . .

S
(1)
n 0 1 2 3 · · ·

...
...

...
...

... . . .

−8 0 0 0 1| · · ·
−7 1 0 0 1| · · ·
−6 0 1 0 1| · · ·
−5 1 1 0 1| · · ·
−4 0 0 1| 1| · · ·
−3 1 0 1| 1| · · ·
−2 0 1| 1| 1| · · ·
−1 1| 1| 1| 1| · · ·

0 0| 0| 0| 0| · · ·
1 1 0| 0| 0| · · ·
2 0 1 0| 0| · · ·
3 1 1 0| 0| · · ·
4 0 0 1 0| · · ·
5 1 0 1 0| · · ·
6 0 1 1 0| · · ·
7 1 1 1 0| · · ·
...

...
...

...
...

. . .

S
(D2)
n 0 1 2 3 · · ·



Collatz the number system

Something deeply counter-intuitive:

For every k ∈ N all possible combinations of zeros and ones of length k
are present in both tables

Only difference: Order

Yet both infinite tables are distinct not only in order but
contain their own countable selection of infinite signatures

Base 2 expansion: All signatures ultimately periodic with periods
(0) and (1)

Collatz: All signatures probably ultimately periodic with periods
(0), (1), (0, 1), (1, 1, 0), and (1, 1, 1, 1, 0, 1, 1, 1, 0, 0, 0)

Which parameters control what orbits one can get?
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Collatz the number system

Permutation towers

Translate between two number systems F and G

ψF,k : Z/2kZ→ {Signatures of length k}
n + 2kZ 7→ S (F)

n [0, . . . , k − 1]

Number system: Assume ψF,k well-defined and bijective for all k ∈ N0, so

∀ i ∈ {0, . . . , k − 1} :
(
s

(F)
n,i = s

(F)
m,i ⇔ n ≡ m mod 2k

)
Define

πF,G,k := ψG,k
−1 ◦ ψF,k

TF,G := (πF,G,k)k∈N0

πF,G,k is a permutation of Z/2kZ

TF,G is a “permutation tower”
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Collatz the number system

An important property of permutation towers:

Assume: πF,G,k = σk,1 ◦ . . . ◦ σk,rk for all k ∈ N0 (cycle decomposition)

σk,i = (ak,i,1, . . . , ak,i,sk,i ) for all k ∈ N0 and i ∈ {1, . . . , rk}

(identify a + mZ and min((a + mZ) ∩ N0))

Proposition
For every σk,i either:

There are σk+1,j1 and σk+1,j2 such that
sk+1,j1 = sk+1,j2 = sk,i
ak,i,1 ≡ ak+1,j1,1 mod 2k , . . . , ak,i,sk,i ≡ ak+1,j1,sk,i mod 2k (w.l.o.g.)

ak,i,1 ≡ ak+1,j2,1 mod 2k , . . . , ak,i,sk,i ≡ ak+1,j2,sk,i mod 2k

or:
There is a σk+1,j such that

sk+1,j = 2sk,i
ak,i,1 ≡ ak+1,j,1 mod 2k , . . . , ak,i,sk,i ≡ ak+1,j,sk,i mod 2k

ak,i,1 ≡ ak+1,j,sk,i+1 mod 2k , . . . , ak,i,sk,i ≡ ak+1,j,2sk,i mod 2k
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Collatz the number system

Example: F = F1,4 (Fc,s : add s to n, then Fc) and G = D2

...
...

...
...

... . . .

0 0| 0| 1| 0| · · ·
1 1| 0| 0| 0| · · ·
2 0 1| 1| 0| · · ·
3 1 1| 1| 0| · · ·
4 0 0 0| 1| · · ·
5 1 0 1| 1| · · ·
6 0 1 0| 0| · · ·
7 1 1 0| 1| · · ·
8 0 0 1 1| · · ·
9 1 0 0 1| · · ·

10 0 1 1 1| · · ·
11 1 1 1 1| · · ·
12 0 0 0 0| · · ·
13 1 0 1 0| · · ·
14 0 1 0 1| · · ·
15 1 1 0 0| · · ·

...
...

...
...

...
. . .

S
(F1,4)
n 0 1 2 3 · · ·

...
...

...
...

... . . .

0 0| 0| 0| 0| · · ·
1 1| 0| 0| 0| · · ·
2 0 1| 0| 0| · · ·
3 1 1| 0| 0| · · ·
4 0 0 1| 0| · · ·
5 1 0 1| 0| · · ·
6 0 1 1| 0| · · ·
7 1 1 1| 0| · · ·
8 0 0 0 1| · · ·
9 1 0 0 1| · · ·

10 0 1 0 1| · · ·
11 1 1 0 1| · · ·
12 0 0 1 1| · · ·
13 1 0 1 1| · · ·
14 0 1 1 1| · · ·
15 1 1 1 1| · · ·

...
...

...
...

...
. . .

S
(D2)
n 0 1 2 3 · · ·

πF1,4,D2,0 = (0)

πF1,4,D2,1 = (0, 1)

πF1,4,D2,2 = (0, 1, 2, 3)

πF1,4,D2,3 = (4, 1, 6, 7, 0, 5, 2, 3)

πF1,4,D2,4 = (4, 1, 6, 7, 8, 13, 2, 11, 12, 9, 14, 15, 0, 5, 10, 3)
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Collatz the number system

πF1,4,D2,0 = (0)
πF1,4,D2,1 = (0, 1)
πF1,4,D2,2 = (0, 1, 2, 3)
πF1,4,D2,3 = (4, 1, 6, 7, 0, 5, 2, 3)
πF1,4,D2,4 = (4, 1, 6, 7, 8, 13, 2, 11, 12, 9, 14, 15, 0, 5, 10, 3)

k = 0 : (0)
k = 1 : (0), (1)
k = 2 : (0), (2), (1), (3)
k = 3 : (0, 4), (2, 6), (1), (5), (3, 7)
k = 4 : (0, 4, 8, 12), (2, 6), (10, 14), (1), (9), (5, 13), (3, 7, 11, 15)



Collatz the number system

πF1,4,D2,0 = (0)
πF1,4,D2,1 = (0, 1)
πF1,4,D2,2 = (0, 1, 2, 3)
πF1,4,D2,3 = (4, 1, 6, 7, 0, 5, 2, 3)
πF1,4,D2,4 = (4, 1, 6, 7, 8, 13, 2, 11, 12, 9, 14, 15, 0, 5, 10, 3)

k = 0 : (0)
k = 1 : (0), (1)
k = 2 : (0), (2), (1), (3)
k = 3 : (0, 4), (2, 6), (1), (5), (3, 7)
k = 4 : (0, 4, 8, 12), (2, 6), (10, 14), (1), (9), (5, 13), (3, 7, 11, 15)



Collatz the number system

H 0 LH 1 L H 2 L H 2, 6 L
H 1 L

H 1 L

H 3 L H 0 L

H 0, 4 LH 3, 7 L

H 1 L

H 0 L

H 5 L
H 10, 14 LH 9 L

H 2, 6 L

H 3, 7, 11, 15 L

H 5, 13 L

H 0, 4, 8, 12 L



Collatz the number system

Graphs for different values of c (row) and s (column)
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