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Abstract

We used integer programming to design a set of tiles that eamterpreted as still Lifes (stable patterns) in Conway’s
Game of Life. We designed the tiles to be modular so that wheplace tiles side by side, the resulting composite
pattern will remain a still Life. We also designed the tilestisat they have various brightnesses. This makes the tiles
suitable for constructing still-Life mosaics that reseenbser-supplied target images.

I ntroduction

In the late 1960s, John Horton Conway invented the Game @f kiftwo-dimensional cellular automaton
(CA) played on a grid of squares. Ateach time 0,1,2,... each square cell is either alive or dead. Starting
from an initial pattern, the “time 0” pattern, the followimgles are repeatedly applied: If at timeell (i, j)

is dead and exactly three of its eight neighbors are aliven #t timet+1 cell (i, j) will become alive (i.e.,

a birth will take place). If at time cell (i, j) is alive and has either two or three living neighbors, then at
time t+1 cell (i, j) will remain alive (i.e., it will survive). Otherwise at timie+-1 cell (i, j) will be dead.
Accordingly, the rules for the Game of Life can be denoted®3/, as they mandate birth with three living
neighbors, survival with two or three, and death in all otteses.
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Figure 1. A ship (top left), blinker (top right), and glider (bottom)

Figure 1 displays a few of the many interesting Game-of-pé&erns discovered by Conway'’s group. In
the top left we see ahig the densesstill Life (stable pattern) that fits in a three-by-three region. Intdipe
right we see the two phases of a period-2 oscillator knownf@ker. And on the bottom we see the four
phases of glider, a period-4spaceshiphat “moves” one row up and one column to the right every fonet
units. In Figure 1, cells that contain solid circles are tiga({currently alive and stayin’ alive), while cells
that contained ringed circles are unhealthy (currentlyedbut about to die). Empty cells are dead. Cells that
contain tiny dots are dead but are about to become alive.

The Game of Life reached the general public when Conway didseaesults withScientific Americals
Martin Gardner. Gardner devoted two of Wathematical Gamesolumns [3,4] to the game, and these
columns ignited a frenzy of investigation that has yet tcs@ilda In the early 1970s, Robert Wainwright edited
and published.ifeline [6], a typewritten newsletter devoted to the CA. Today'shestasts can findifeline
on the ConwaylLife.comwebsite [2], which also contains a great wealth of otherrimfation, including
reports of recent discoveries. And though it is a tremenigdus exercise to program your own Game-of-
Life simulator, it is very difficult to create one with the pewand performance d@olly [5].
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Game-of-Life Mosaics

We designed a set dftill-Life tiles made up of square cells, each of which is in one of two stateisigl
(drawn as a solid black circle on a white background) or déast {he white background). In each tile,
each living cell has either two or three living neighborsi @ dead cell has exactly three living neighbors.
Consequently, each tile can be interpreted as a still Lifee@& of the tiles are displayed in Figure 2.

Figure 2: Three still-Life tiles

We used integer programming (IP) to design the tiles. Our ¢iehis a nontrivial modification of one
of Bosch’s models for thdaximum Density still Lifeproblem [1]. In our model, we included constraints
to force the tiles to have 90-degree rotational symmetry taorizontal and vertical mirror symmetries in
order to reduce the size of the search space. We also inchaafestraints that guaranteed that the tiles would
be modular. These constraints ensure that when we placdéldheside by side, the resulting composite
pattern of living and dead cells remains a still Life. By nmaiiing the number of living cells, we were able
to construct a tile that appears darkest to the human eyenddyding constraints that prohibit previously
discovered solutions, we were able to find additional tidesl by repeating this process over and over again,
we were able to find all 85 tiles that satisfied our symmetry muodlularity constraints. The entire search
took less than five minutes of computer time.

Figures 3 and 4 display two Game-of-Life mosaics producetth wur tiles. Each one is based on
Magritte’s “Ceci n’est pas une pomme” and is titled “stillf&iwith Glider.” Each one shows a Game-of-
Life still Life (that resembles a still life of an apple) thiatabout to be demolished by a glider (found in the
lower right corner).
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Game-of-Life Mosaics

still Life with Glider (22 x 26)

Figure3
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