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Introduction

Marধn Gardner’s arধcle discusses sধll lifes in Conway’s Game of Life. We can get these config-

uraধons by repeatedly running the three rules of game of life. [3] These configuraধons are all

on the square ধling. Therefore, to explore whether this sধll life can have similariধes in different

ধling, we need to use Penrose kite-dart ধling, which is different from square ধling, and try to use

the same game of life rules to find and more sধll lives.

We invesধgate the Game of Life on the Kite-Dart ধling.

Penrose Tiling

There are two different ধles in Penrose ধling. We call them the kite and the dart. There is a

proporধonal relaধonship between the side length of the long side and the side length of the

short side. This raধo is φ = 1+
√

5
2 ≈ 1.6180. [2]

Kite and Dart Substitution

Figures 1 and 2 show how to subsধtute a kite ধle, and Figures 3 and 4 show how to subsধtute a

dart ধle.

Figure 1. Enlarge the kite
Figure 2. Subsধtute the kite

by original size kites and dart Figure 3. Enlarge the dart
Figure 4. Subsধtute the dart

by original size kite and dart

Based on an exisধng ধles, we can get a larger ধling through subsধtuধon. Every ধme we carry out

subsধtuধon, we will first enlarge the ধle in the patch according to a certain proporধon, such as φ
in Penrose ধling. We call this process one step of generaধon. The following Figure 4 shows our

ধles at beginning. Because there are two different ধles as the basic graphics in the Penrose ধling,

we implement two corresponding funcধons to draw the paħern. In the end, we have a Penrose

ধling that large enough for next step.

Figure 5. The ধles we start with

Figure 6. A patch from level 8 subsধtuধon

Neighbors for Each Tile in Kite and Dart Tiling

In order to find the neighbors of each ধle and store them in a corresponding dicধonary, we need

to first determine the coordinates of the verধces of each ধle to represent these posiধons. Then,

the shared verধces in these coordinates are searched to determine whether the two ধles are

adjacent ধles by edge or just a vertex.

Conway’s Game of Life

In the Conway’s Game of Life, there is an infinite orthogonal grid of square cells, each of them is

in one of two possible states, alive or dead. At the same ধme, every cell only interacts with its 8
neighbours, which means the cells that are horizontal, verধcal, or diagonal neighbours. Based on

this neighbourhood, we can apply the following three rules to make the next generaধon. Births

and deaths occur simultaneously, and the rules also conধnue to be applied repeatedly to create

further generaধons. The three rules of survival, death, and birth are:

Survival: Every counter with two or three neighboring counters survives for the next generaধon.

Death: Each counter with four or more neighbors dies (is removed) from overpopulaধon. Every

counter with one neighbor or none dies from isolaধon.

Birth: Each empty cell adjacent to exactly three neighbors-no more, no fewer-is a birth cell. A

counter is placed on it at the next move.[3]

The Game of life on Penrose Tiling

We use the jld2 and fileio packages to store informaধon from different notebooks, such as a

dicধonary that stores neighborhood relaধonships. In this way, we can directly access the calcu-

lated data in other files. Through the random funcধon, we can get a random number list, which

is used to randomly generate a list containing some ধles. We disধnguish lists of alive ধles by

find_black_tile funcধon and dead ধles by find_white_tile funcধon. find_neighbor_of_black func-

ধon can help us find the number of surviving neighbors corresponding to each alive ধle. Also,

find_neighbor_of_white funcধon can help us find the number of surviving neighbors correspond-

ing to each dead ধle. Finally, run_rules_of_GoL funcধon is used to implement the transformaধon

rules of Game of Life.

Figure 7. The first generaধon by Game of Life Figure 8. The second generaধon by Game of Life

Examples of Still Lifes with 3,4,5, or 6 Tiles

3-ধles sধll life

Figure 9.

4-ধles sধll lifes

Figure 10. Figure 11. Figure 12. Figure 13. Figure 14.

Figure 15. Figure 16. Figure 17. Figure 18. Figure 19.

5-ধles sধll lifes

Figure 20. Figure 21. Figure 22. Figure 23.

6-ধles sধll life

Figure 24.
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