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M.C. Escher’s “Potato Printing” (1938)



M.C. Escher’s “Potato Printing” (1938)

Escher’s “goal was […] to classify and 

enumerate all possible patterns 

created by a square tile.”
(Schattschneider, 1990)



(Schattschneider, 1990)

M.C. Escher’s notebook



In May 1942 Escher 

created printed 

designs [which] 

illustrate each of his 

23 distinct possible 

types of patterns 

requiring just one 

printing block.

M.C. Escher (1942) 





Incomplete 

Open Cubes

Sol Lewitt
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“We are also interested in settings related to 
polyhedra. For instance, one could use various
tile designs to count the number of distinct tilings 
of a 2×2×2 Rubik’s cube-like object.”

Five illustrations of 2 ⨉ 2 ⨉ 2 cubes tiled with Truchet tiles.





heavy metal 

squiggle orb

By Matt Zucker

shadertoy.com/view/wsGfD3



Truchet Tile Ball

by Jon-Paul Wheatley



Tantrix 
Rock



Truchet Cubes

by David A. Reimann

Truchet Cubes at MoMath

David A. Reimann



Counting tilings of polyhedra

By Matt Zucker



We want to count the number 
of tilings of a polyhedron up to 
rotation.
Easier question: How many 
ways can we tile this 
tetrahedron by these tiles if 
it’s fixed in place? 54 = 625



We want to count the number 
of tilings of a polyhedron up to 
rotation.  
Harder question: How many 
ways can we tile this 
tetrahedron if rotations are 
considered equivalent? >

54

12
> 52.08



𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Burnside’s Lemma

Number of tilings 

𝑋 up to the 

symmetries of the 

object 𝐺 
Average over all 

symmetries

Number of 

tilings that look 

identical when 

𝑔 is applied. 



Example: Zucker’s tetrahedra



Let 𝑋 be the tilings 
of a (fixed) 
tetrahedron with 
these five tile 
designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝐺 be the group of rotational 

symmetries of the tetrahedron. What is 

|𝐺|? 

𝐺 = 12



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝐺 be the group of rotational 

symmetries of the tetrahedron. What is 𝐺? 

• Rotations of ±120° about a face. (8)

• Rotations of 180° about an edge (3)

• Identity. (1)



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry 

that rotates a face by 

120°. What is |𝑋𝑔|?



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry that rotates a face by 120°. 
What is |𝑋𝑔|?

What choices do we have for the rotating face?

The two rotationally symmetric designs.



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry that rotates an edge by 

120°. What is |𝑋𝑔|?

What choices do we have for the other 

faces?

Any of the five designs work, but all three 

remaining faces must be the same.



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry that rotates an edge by 

120°. What is |𝑋𝑔|?

𝑋𝑔 = 2 × 5
= 10



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry 

that rotates an edge by 

180°. What is |𝑋𝑔|?



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry that rotates an edge by 

180°. What is |𝑋𝑔|?

What choices do we have for the front/back 

faces? The sides?

All five designs work, but the front/back 

must match and the sides must match.



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be a symmetry that rotates an edge by 

180°. What is |𝑋𝑔|?

𝑋𝑔 = 5 × 5
= 25



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be the identity 

(do nothing) symmetry. 

What is |𝑋𝑔|?



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

Let 𝑔 be the identity (do nothing) symmetry. 

What is |𝑋𝑔|?

We can choose any of the five designs for 

any of the four faces.

𝑋𝑔 = 54 = 625



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔



Let 𝑋 be the tilings of a (fixed) tetrahedron 
with these five tile designs.

𝑋

𝐺
=

1

12
8 × 10 + 3 × 25 + 625

= 65



There are 65 possible Zuckerian 
tetrahedra (up to rotation).



Truchet Tile Ball by Jon-Paul Wheatley

How do we 
systematically 
count tilings for 
more complex 

shapes?



A matrix representation of the full 
icosahedral group 𝐼 (order 120).
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Order 3

(120° rotation)

Order 5

(72° rotation)

Order 2

(Inversion)



Orient the rhombic triacontahedron so 
its symmetries are 𝐼.

Orbits of (−1, −1,1)

Orbits of (0, −𝜑, 1)

Choose representatives 
for each orbit of vertices.



Label each vertex.

𝑣4

𝑣3

𝑣20

𝑢1

𝑢2

𝑢3

𝑣1, 𝑣2, … , 𝑣20

𝑢1, 𝑢2, … , 𝑢12



Assign each face an 
ordered tuple of 
vertices.

𝑓1 = (𝑢3, 𝑣4, 𝑢2, 𝑣3)

𝑣4

𝑣3

𝑣20

𝑢1

𝑢2

𝑢3



Choose some 𝑔 ∈ 𝐺. (e.g. the order-
6 symmetry which is a 30° rotation 
followed by a reflection)  Look at the 
image of 𝑓1 under repeated actions 
of 𝑔.
𝑓1 = 𝑢3, 𝑣4, 𝑢2, 𝑣3

𝑔 ∙ 𝑓1 = (𝑢10, 𝑣11, 𝑢9, 𝑣13)
𝑔2 ∙ 𝑓1 = (𝑢2, 𝑣3, 𝑢4, 𝑣1)
𝑔3 ∙ 𝑓1 = 𝑢9, 𝑣11, 𝑢8, 𝑣9

𝑔4 ∙ 𝑓1 = 𝑢4, 𝑣3, 𝑢3, 𝑣5

𝑔5 ∙ 𝑓1 = 𝑢8, 𝑣11, 𝑢10, 𝑣18

𝑔6 ∙ 𝑓1 = 𝑢3, 𝑣4, 𝑢2, 𝑣3

𝑣4

𝑣3

𝑣20

𝑢1

𝑢2

𝑢3

𝑔 =
0 −1 0
0 0 1
1 0 0



Let 𝑔 ∈ 𝐺, be the order-6 symmetry 
which is a 30° rotation followed by a 
reflection.  Look at the image of 𝑓1 
under repeated actions of 𝑔.

𝑣4

𝑣3

𝑣20

𝑢1

𝑢2

𝑢3

𝑔 =
0 −1 0
0 0 1
1 0 0

The orbit of 𝑓1 under the cyclic group 
𝑔  has 𝑔 = 6 elements, so we are 

free to choose any design for 𝑓1.

In this case, each of the 30 faces 
appears in an orbit of size 6, there 
are five orbits of size six that can 
each be given any tile design.



𝑣4

𝑣3

𝑣20

𝑢1

𝑢2

𝑢3

𝑔 =
0 −1 0
0 0 1
1 0 0

In this case, each of the 30 faces 
appears in an orbit of size 6, there 
are five orbits of size six that can 
each be given any tile design.

If there are 𝑡 possible tile designs, 
then 𝑋𝑔 = 𝑡5.



Let 𝑔 ∈ 𝐺, be the order-2 reflectional 
symmetry.  Look at the image of 𝑓1 
under repeated actions of 𝑔.

𝑔 =
−1 0 0
0 1 0
0 0 1

𝑓1 = 𝑢3, 𝑣4, 𝑢2, 𝑣3

𝑔 ∙ 𝑓1 = (𝑢2, 𝑣4, 𝑢3, 𝑣3)
𝑔2 ∙ 𝑓1 = 𝑢3, 𝑣4, 𝑢2, 𝑣3

𝑣4

𝑣3

𝑣20

𝑢1

𝑢2

𝑢3

In this case, 𝑔 maps a reflected 
version of 𝑓1 onto itself, so if the 
tiling is fixed under 𝑔, 𝑓1 must be 
tiled with a design that has 
reflectional symmetry.



Let’s count the number of ways to 

tile the rhombic triacontahedron 

with the following twelve tile 

designs, which we classify by their 

symmetries in 

𝐷2 = 𝑟, 𝑓 | 𝑟2 = 𝑓2 = (𝑟𝑓)2= 𝑖𝑑



Let’s count the number of ways to tile the rhombic 

triacontahedron with the following twelve tile designs, 

which we classify by their symmetries in 

𝐷2 = 𝑟, 𝑓 | 𝑟2 = 𝑓2 = (𝑟𝑓)2= 𝑖𝑑

How many designs are fixed under 𝑖𝑑? 

𝑡𝑖𝑑 = 12 

How many designs are fixed under 𝑓? 

(left-to-right reflection) 

𝑡𝑓 = 4 

How many designs are fixed under 𝑟? (180° rotation) 

How many designs are fixed under 𝑟𝑓? (top-to-

bottom reflection)

𝑡𝑟 = 2 

𝑡𝑟𝑓 = 2



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑋𝑔 = 𝑡𝑖𝑑
30 = 1230

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
6 = 126



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
6 = 126



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
10 = 1210



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
14𝑡𝑟

2 = 121422



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
15 = 1215



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
3 = 123



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
3 = 123



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
5 = 125



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋𝑔 = 𝑡𝑖𝑑
13𝑡𝑓

2𝑡𝑟𝑓
2

          = 1213(42)(22)



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑡𝑖𝑑 = 12 𝑡𝑓 = 4 
𝑡𝑟 = 2 𝑡𝑟𝑓 = 2

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

=
1

120
(𝑡𝑖𝑑

30 + 12𝑡𝑖𝑑
6 + 12𝑡𝑖𝑑

6 + 20𝑡𝑖𝑑
10 + 15𝑡𝑖𝑑

14𝑟2 +

𝑡𝑖𝑑
15 + 12𝑡𝑖𝑑

3 + 12𝑡𝑖𝑑
3 + 20𝑡𝑖𝑑

5 + 15𝑡𝑖𝑑
13𝑡𝑓

2𝑡𝑟𝑓
2)

𝑋/𝐺 =
1

𝐺
෍

𝑔∈𝐺

𝑋𝑔

𝑡𝑖𝑑 = 12 

𝑡𝑓 = 4 

𝑡𝑟 = 2 

𝑡𝑟𝑓 = 2



Identity 1

Rotation by 72° 12

Rotation by 144° 12

Rotation by 120° 20

Rotation by 180° 15

Inversion 1

Rotation by 36° + reflection 12

Rotation by 108° + reflection 12

Rotation by 60° + reflection 20

Reflection 15

Icosahedral group conjugacy classes

𝑋/𝐺 =
1

120
(𝑡𝑖𝑑

30 + 12𝑡𝑖𝑑
6 + 12𝑡𝑖𝑑

6 + 20𝑡𝑖𝑑
10 + 15𝑡𝑖𝑑

14𝑟2 +

𝑡𝑖𝑑
15 + 12𝑡𝑖𝑑

3 + 12𝑡𝑖𝑑
3 + 20𝑡𝑖𝑑

5 + 15𝑡𝑖𝑑
13𝑡𝑓

2𝑡𝑟𝑓
2)

             ≈ 1.978 × 10³⁰

𝑡𝑖𝑑 = 12 

𝑡𝑓 = 4 

𝑡𝑟 = 2 

𝑡𝑟𝑓 = 2



Escher’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

|𝑋/𝐺| = 5548

𝑡𝑖𝑑 = 8 𝑡𝑟 = 𝑡𝑓 = 𝑡𝑟𝑓 = 𝑡𝑟2 = 0



Reimann’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

𝑡𝑖𝑑 = 14



Reimann’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

𝑡𝑖𝑑 = 14
𝑡𝑟 = 2



Reimann’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

𝑡𝑖𝑑 = 14
𝑡𝑟 = 2
𝑡𝑓 = 6



Reimann’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

𝑡𝑖𝑑 = 14
𝑡𝑟 = 2
𝑡𝑓 = 6

𝑡𝑟𝑓 = 6



Reimann’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

𝑡𝑖𝑑 = 14
𝑡𝑟 = 2
𝑡𝑓 = 6

𝑡𝑟𝑓 = 6
𝑡𝑟2 = 6



Reimann’s cubes (up to rotation and reflection)

1

48
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

𝑡𝑖𝑑 = 14

|𝑋/𝐺| = 159,775

𝑡𝑟 = 2
𝑡𝑓 = 6

𝑡𝑟𝑓 = 6
𝑡𝑟2 = 6



Truchet Tile Ball

by Jon-Paul Wheatley

Truchet tile ball (up to rotation)

|𝑋/𝐺| =
1

60
(

 𝑡6,𝑖𝑑
20𝑡5,𝑖𝑑

10 +

 24𝑡6,𝑖𝑑
4𝑡5,𝑖𝑑

2𝑡5,𝑟
2 +

 20𝑡6,𝑖𝑑
6𝑡6,𝑟

2𝑡5,𝑖𝑑
4 +

 15𝑡6,𝑖𝑑
10𝑡5,𝑖𝑑

6

 )

𝑡6,𝑟 = 0

𝑡6,𝑖𝑑 = 3 𝑡5,𝑖𝑑 = 1

𝑡5,𝑟 = 1

|𝑋/𝐺| = 58,127,868



The motivating question!

1

24
(𝑡𝑖𝑑

6 + 7𝑡𝑖𝑑
3 + 8𝑡𝑖𝑑

2 + 8𝑡𝑖𝑑 + 6𝑡𝑖𝑑𝑡𝑟
2 + 6𝑡𝑖𝑑𝑡𝑟2 + 3𝑡𝑖𝑑

2𝑡𝑟2
2 + 3𝑡𝑖𝑑𝑡𝑓

4 + 6𝑡𝑖𝑑
2𝑡𝑟𝑓

2)

|𝑋/𝐺| = 5,864,068,667,776

𝑡𝑖𝑑 = 44 𝑡𝑟 = 4𝑡𝑟2 = 42 𝑡𝑓 = 42𝑡𝑟𝑓 = 4(22)



Thank you!
Peter Kagey

@peterkagey.com
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