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Outreach, experimentation, computation, visualization, pedagogy, research.



Numberscope Contributors

Khaled Allen
Isabel Anaya
Abdullatif Khalid Abduljaleel
Tobias Aldape
Sebastian Bozlee
Ang L1
Theodore Lincke
Josiah Martinez
Willem Mirkovich
Katherine Stange
Daniel H. Taylor



On-Line Encyclopedia of Integer Sequences

The OEIS Foundation is supported by donations from users of the OEIS and by a grant from the Simons Foundation.
012927 THE ON-LINE ENCYCLOPEDIA
752 OF INTEGER SEQUENCES ©

10221121
founded in 1964 by N. J. A. Sloane

Thanks to everyone who made a donation during our annual appeal!
To see the list of donors, or make a donation, see the OEIS Foundation home page.

The On-Line Encyclopedia of Integer Sequences® (OEIS®)

Enter a sequence, word, or sequence number:

11,2,3,6,11,23,47,106,235

Search | Hints Welcome Video

For more information about the Encyclopedia, see the Welcome page.
Languages: English Shqip au,s)l Bangla X (EEEE. BWF (1), BHF (2)

Hrvatski Ceitina Dansk Nederlands Esperanto Eesti .wld Suomi Francais Deutsch EAMWIKG ovad nmay
fér Magyar Igbo BahasalIndonesia Italiano HZ#E 8@ =01 Lietuviy #7@r Bokmal Nynorsk Polski Portugués
Espafiol Svenska Tagalog mwilng 92,1 Tiéng Viét Cymraeg

Briarapcku Catala

Tirkce YxpaiHcpKa

Pycckmii Cpnckn  Slovenséina

Roména
Lookup | Welcome | Wiki | Register | Music | Plot 2 | Demos | Index | Browse | More | WebCam
Contribute new seq. or comment | Format | Style Sheet | Transforms | Superseeker | Recent

The OEIS Community | Maintained by The OEIS Foundation Inc.



On-Line Encyclopedia of Integer Sequences: The Movie
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The OEIS Movie



Numberscope: the dream

An online tool that easily pairs a sequence (e.g. input OEIS number) with a visualization
tool (e.g. graph).

Audience: researchers, citizen scientists, artists, anyone.

Community extensible: open source, community wiki, API for creating and
contributing visualization methods, sequence input etc.



What might we visualize, though?
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growth rate
divisibility properties
self-similarity

fractal nature
substring statistics

modular periodicity



Turtle on a Sequence

0: 90 degrees, 1 step

1: 270 degrees, 2 steps

Sequence: 0, 1, O, O,



Turtle on a Sequence

0: 90 degrees, 1 step

1: 270 degrees, 2 steps

Sequence: 0, 1, 0O, 0,



Turtle on a Sequence

0: 90 degrees, 1 step

1: 270 degrees, 2 steps

Sequence: 0, 1, 0O, 0,



Turtle on a Sequence

0: 90 degrees, 1 step

1: 270 degrees, 2 steps

Sequence: 0, 1, 0O, 0,



Turtle on a Sequence

@ 0: 90 degrees, 1 step
‘ 1: 270 degrees, 2 steps

Sequence: 0, 1, O, O,




Turtle on a Sequence

-

Hofstadter Figure-Figure
A005228
3,7,12,18,26,35,45,56,69,83,98, 114, ..

press h for help

9960 length (f/g; v/b)
3 modulus (m/n; o/p)

Turtle Rules:
press a/x to add/remove

Term Angle Speed Steps Speed
0 137.0 0.000 3.0 0.00
1 0.0 0.000 20 0.00
2 105.0 0.000 1.0 0.00




Turtle on a Sequence

2-adic val of Z
0,0,1,0,2,0,1,0,3,0,1,0,2,0,1,0,4,0,...
press h for help

9960 length (f/g; v/b)
2 modulus (m/n; o/p)

Turtle Rules:

press a/x to add/remove

Term Angle Speed Steps Speed

0 1200 0.000 8O 0.0

1 240 0.000 7.0 0.00




Turtle on a Sequence

-

Number of divisors of n
A000005

press h for help

9960 length (f/g; v/b)
2 modulus (m/n; o/p)

Turtle Rules:

press a/x to add/remove

Term Angle Speed Steps Speed

0 [ 1190 0.000 80  0.00

1 60.0 0.000 9.0  0.00




Turtle on a Sequence

Thue-Morse
A010060
1,1,0,1,0,0,1,1,0,0,1,0,1,1,0,1,0,0,...

press h for help

9960 length (f/g; v/b)
2 modulus (m/n; o/p)

Turtle Rules:
press a/x to add/remove

Term Angle Speed Steps Speed
0 0.0 0000 1O 0.0
1 60.0 0.000 0.0  0.00




Turtle on a Sequence

Continued fraction Pi
A001203
715,1,292,1,1,1,2,1,31,142,1,1,2,...

press h for help

9960 length (f/g; v/b)
0 modulus (m/n; o/p)

Turtle Rules:
press a/x to add/remove

Term Angle Speed Steps Speed
0.0  0.000 0.0 0.00
0.0 0000 1.0 0.00
1.0 0.000 0.0 0.0
20 0000 00 0.00
4.0 0.000 00  0.00
80 0000 0.0 0.00
16.0 0.000 0.0  0.00
320 0.000 0.0 0.00
640 0.000 0.0  0.00
128.0 0.000 0.0  0.00
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Self-Similarity Telescope

||ﬂ1|“2|”‘3|ﬂ4|“5||

a a; | a, | a3 | a4 | as

ntl || %2 | 43 | 44 | 45 | 44
A2 || 43 | 44 | 95 | 4 | 47
Api3 || 44 | 45 | 96 | 47 | 48

Apisa || 45 | 4 | 47 | A3 | 49

contraction = 1

translation = 1



Self-Similarity Telescope

||ﬂ1 |“2 |“3 |“4 |ﬂ5 ||

a) |44 |4 | 43 | 40

An

Dnts || 4 |47 | 49 | 411 | %13
Dnt6 || 48 | 410 | %12 | 414 | %16
Dnt9 || %11 | %13 | %15 | 417 | 419
Dont12 || %14 | %16 | %18 | 420 | %22

contraction = 2

translation = 3



Self-Similarity Telescope

||“1|“2|“3|“4|”5 ”
Ay A4 |4 |43 | 44 | 95
Apy1 || %2 | 43 | 44 | 45 | %
ﬂn+2 ﬂ3 ﬂ4 615 616 ﬂ7
Apy3 || %4 | 45 | 46 | 97 | 43
Anis || 45 | 46 | 47 | 48 | 49

Compare the highlighted term with the column header.

Colour according to (3 modes):
> Distance similarity: |a; —a,|
» Divisibility detection: ged(a;,4;)
> p-adic similarity: |v,(a;) —v,(a;)|



Self-Similarity Telescope

Integers

0,1,2,3,4,5,6,7,8,9,10, 11, ...
Distance similarity

0

1.000

1.00

20

0.00 frequency

indices compared: 146

values compared: 146
4

differenc 78

e/r change seq; y toggle random; u jiggle; h help




Self-Similarity Telescope

B 0 0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000300000022002:

000 000000000000 00000 090000000 0000000900009000509000000009000590000909000000000000000000000000000000000000000000000000000000000003000030202:
e 00000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000002:

Integers

0,1,2,3,4,5,6,7,8,9,10, 11, ...
Distance similarity (x to change)

38 modulus (m/n; j/k; z)
1.000 contract (uj
1.00
13 fade (f/g)
0.02 frequency
indices compared: 101
values compared: 101
150
difference: 49
B 0 00000000 e0e00000000000000000000000000000000000000000%03:

44 +44+-
B 000000000 00000000000000000000000000000000000000000000000000000000000000ss
190000000000000000000000000000000000000000




Self-Similarity Telescope

o2000
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Prime numbers
A000040

3,5,7,11, 13,17,19, 23,29, 31, ...
Distance similarity (x to change)
38 modulus (m/n; j/k; z)
1.000 ; i
1.00 translate (nghl/lefL s d 9}
8 fade (f/g)

0.05 frequency

indices compared:

values compare

difference:




Self-Similarity Telescope
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0,1,4,9,16, 25, 36, 49, 64, 81, ...
Distance similarity (x to change)
48

1.000

1.00 translate (right/lef
13 fade (f/,

0.16 frequency

indices compared: 46

values compare

difference:

e/r change seq;

le; h help




Self-Similarity Telescope

Hofstadter Figure-Figure

A005228

3,7, 12,18, 26, 35, 45, 56, 69, 83,

Distance similarity (x to change)

20 modulus (m/n;

1.000 m;

1.00 translate (right/left

4 fade (f/g)

0.04 frequency

indices compared: 144

values compared: 12033
27504

difference: 15471

e/r change seq; y toggle random; u jiggle; h help




Self-Similarity Telescope

Integers

0,1,2,3,4,5,6,7,8,9,10, 11, ...
Divisibility detection (x to change)

translate (right/left;
fade (f/g)
0.00 frequency
indices compared: 64 diff=19
values compared: 6
83
ged: 1

e/r change seq; y toggle random; u jiggle; h help



Self-Similarity Telescope

Fibonacci numbers
A000045
1,1,2,3,5,8,13,21,34,55,89, ...
Divisibility detection (x

0

1.000

1.00

6

0.00 frequency

indices compared: 42 98

values compared: 433494437
218922995834555169026

ged: 1

e/r change seq; y toggle random; u jiggle; h help




Self-Similarity Telescope

Coeffs of j g-expansion
A000521

)
1.00 translate (right/left; s/d; t)
6 fade (f/g)
NaN.( frequency
indices compared: -4
values compared:

ged:

e/r change seq; y toggle random; u jiggle; h help




Self-Similarity Telescope

Jiggled by 1

A000521

744, 196883, 21493760, 864299969, 202
Divisibility detection (x to change)

0

1.000

1.00 translate (right/left;

6 fade (f/g)

0.00 frequency

indices compared: 69

values compared: ~ 63419842535335416307760114]
17993374152833510577846797

ged: 1

e/r change seq; y toggle random; u jiggle; h help




Self-Similarity Telescope

A granny knot sequence
A099254

2,1,-

1.000

1.00 translate (right/left; s/d; t)
3 fade (f/g)

0.00 frequency

indices compared: 48

values compared:

ged:

e/r change seq; y toggle random; u jiggle; h help




Prime Filter

| 2]5]5]7]11]

a,+2]0J0[0]0[0
a,+1 00000
a, ojofofo]o
a,—1]0]|0[0[0]0
a,—2|0[0[0]0[0

At each coordinate (prime, sequence), we record with a darker colour if the first N terms
are frequently divisible by the prime.

Precisely, a histogram of the sum of the valuations mod p, or the frequency of 0 mod p (two
modes).



Prime Filter

R N R R B e R S O R R SR R B e S S

R Y

Valuations, total sum
Terms beginning at 0, ending at 8000
Press h for help




Prime Filter

DD L& D
L LR

s T2, S, g i 5, 000 s O, O By R0 0, T ey 0 S 40, %25 000 0 % % % B By By Yy By
vfﬁ*v«% sy X o T T e 0y B S Y

Beatty (floor n*(sqrt2))
1,2,4,5,7,8,9, 11,12, 14, 15, 16, 18, 19, 21, 22, 24, 25, 26, 28, 29, 31, 32, 33, 35, 36, 38, 39, 41, 42, 43, 45, 46, 48, 49, 50,

Valuations, total sum
Terms beginning at 0, ending at 10000




Chaos Game

1 2

Start at origin. ..

°
At each term, step halfway
to the corresponding corner.

3 4

Sequence: 2, 4, 3, 3,



3@

Sequence:

Chaos Game

2

Start at origin. ..

At each term, step halfway
to the corresponding corner.



Sequence:

Chaos Game

2
L

Start at origin...

At each term, step halfway
to the corresponding corner.



Chaos Game

1‘ ‘2

Start at origin. ..

At each term, step halfway
to the corresponding corner.

3 4

Sequence: 2, 4, 3, 3,



3

Sequence:

2,

Chaos Game

.2

° Start at origin. ..
° At each term, step halfway
to the corresponding corner.
3 3



Chaos Game

1. ’2

Start at origin...

° At each term, step halfway
to the corresponding corner.

3

Sequence: 2, 4, 3, 3,



Prime Filter

Random Modulo 4

2,3,3,3,2,0,3,1,3033,311,..

Modulus (m/n): 4
Fractional step (w/i): 0.50
Number of Walkers (ty):1

Size of dots (f/g): 1

Darkness (j/k): 250

Head fade (v/b): 10

Color style (c): colour by walker

q: toggle random
1: toggle background
p: change palette



Prime Filter

Random Modulo 3
A000005
0,2,2,1,0,1,1,1,1,2,1,0,2,1,0, ...

Modulus (m/n): 3
Fractional step (u/i): 0.50
Number of Walkers (t/y)6

Size of dots (f/g): 1

Darkness (j/k): 250

Head fade (v/b): 10

Color style (c): colour by walker

q: toggle random
L: toggle background
p: change palette




Prime Filter

Prime numbers

A000040
3,5,7, 11, 13,17, 19, 23,29, 31,37, 41, ...

Modulus (m/n): 8
Fractional step (u/i): ~ 0.50
Number of Walkers (t/y):1

Size of dots (f/g): 1

Darkness (j/k): 250

Head fade (v/b): 10

Color style (c): colour by walker

q: toggle random
1: toggle background
p: change palette




Prime Filter

3n modulo 1000003

1,3,9,27,81, 243, 729, 2187, 6561, 19683, ...

Modulus (m/n): 4
Fractional step (u/i): 0.50
Number of Walkers (t/y):1

Size of dots (f/g): 1

Darkness (j/k): 250

Head fade (v/b): 10

Color style (c): colour by walker

q: toggle random
1: toggle background
: change palette



Prime Filter

A000005

Color style (c):

q: toggle random
1: toggle background
p: change palette

Number of divisors of n

2,2,3,2,4,2,4,3,4,2,6,2,4,4,5, ...

Modulus (m/n): 12
Fractional step (u/i): 0.50
Number of Walkers (t/y)6
Size of dots (f/g): 1
Darkness (j/k): 250
Head fade (v/b): 10

colour by walker




Thank you!

If you are interested in being a beta tester, please email me.
If you have a favourite integer sequence, please email me.

kstange@math.colorado.edu



