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 From the perspective of autopoiesis (Maturana & Varela, 
1980), the origin of life is the origin of a self-producing and 
self-individuating network of physical processes (Luisi, 2006). 
Focusing on the organizational closure of networks of 
processes (while temporarily setting aside energetic constraints 
specific to the physical world), previous work has demonstrated 
that key aspects of autopoiesis can be analyzed in Conway’s 
Game of Life (GoL) cellular automata model (Beer, 2014; 
2015). This work has especially emphasized gliders, the 
simplest persistent compact entities capable of propagation. 
Here we begin an examination of several questions related to 
the origin of gliders from random initial conditions. 
 All preliminary results reported in this abstract are derived 
from studies of 100´100 periodic lattices whose initial states 
are drawn from a spatially-invariant family of distributions 
parameterized by 1-density ρ (the probability that a cell is 
assigned the value 1). Although quantitative results certainly 
depend on lattice size, experiments suggest that this lattice size 
provides a reasonable approximation to the asymptotic case. As 
in previous work, we define a glider to be not only the 
traditional five 1-cells but also the seventeen 0-cells that fall 
within the Moore neighborhoods of those 1-cells. 
 The most basic question we can ask about glider origins is 
How common are gliders in random lattices? This question is 
answered in Figure 1, which plots the mean number of gliders 
observed as a function of 1-density. Note that gliders are 
observed over only a limited range of ρ values. For an N´N 
lattice, this curve is given analytically by 16𝑁$𝜌& 1 − 𝜌 () 
since there are 16 possible glider configurations at each of the 
N 

2 possible lattice locations and each glider contains five 1-
cells and seventeen 0-cells. The peak of this curve occurs at 
𝜌 = 5 22 ≈ 0.23, where the 1-density of the lattice coincides 
with that of a glider and the probability of gliders occurring is 
thus maximized. 

 However, Figure 1 gives only a very static picture of the 
origin of gliders. Like the physical universe, the GoL universe 
is dynamic, containing processes that can both create and 
destroy organization. How do these temporal considerations 
impact the origin and proliferation of gliders? This question is 
addressed in Figure 2, which plots the mean number of gliders 
over time for ρ = 0.5. Note that this 1-density was purposely 
chosen because it exhibits a very low mean number of gliders 
initially (≈ 0.038). Nevertheless, as time passes, this number 
grows very quickly, peaking at ≈ 1.2  at 𝑡 ≈ 64  before 
beginning a much slower decay back toward 0. Thus, gliders 
exist over a limited epoch of time that represents a tradeoff 
between processes of glider creation and glider destruction. 
Note that this unimodal pattern is not typical in GoL; the 
corresponding curves for static blocks and oscillating but 
stationary blinkers exhibit no such decay with time after their 
initial growth phase. 
 Since gliders are delimited in both 1-density and time, it is 
worth examining their frequency in the joint space (ρ, t). This 
we do in Figure 3, which reveals several interesting features. 
Over an initial 1-density range of about [0.2, 0.6], the pattern is 
identical to Figure 2: a fast rise to a peak of ≈ 1.2 followed by 
a slower decay toward 0. However, as ρ approaches the lower 
value of ≈ 0.04  or the upper value of ≈ 0.85 , the pattern 
changes. Now there is a delay before glider creation begins and 
a much slower rise toward a lower peak. Interestingly, near 
these transition regions, the population of gliders never quite 
decays to 0 (dim horizontal bands in Figure 3 indicated by red 
arrows).  
 Some of this structure can be seen more clearly by plotting ρ 
slices through Figure 3 at selected times (Figure 4). The slice 
at t = 0 is simply Figure 1, with a peak at 0.23. By t = 5, a burst 
of glider creation at larger ρ values has produced a second peak 
at 𝜌 ≈ 0.64 . Subsequent glider creation at intermediate ρ 

 
Figure 1: Mean glider count as a function of 1-density. Each 
point represents the average of 100,000 random samples. 

 
Figure 2: Evolution of mean glider count over time for ρ = 0.5. 
Each point represents the average of 100,000 random samples. 



values then lifts the valley between these two peaks until, by t 
= 50, a broad mesa appears. This mesa then begins to slowly 
decrease in height over the next several thousand time steps 
until its center collapses by t = 5000, leaving behind two small 
peaks at its edges corresponding to the faint bands of 
anomalous glider persistence observed in Figure 3. 
 An investigation into the creation processes underlying the 
observed initial glider growth is ongoing. At present, two 
observations can be made. First, because a glider is a local 
attractor in the dissipative GoL universe, it is surrounded by a 
basin of precursor states that evolve to it in 1 step. These 1-step 
precursors can be explicitly enumerated. Exploring the 
structure of this basin to greater depth and characterizing its 
dependence on 1-density should provide significant insight into 
the processes of glider creation. Second, splitting perturbations, 
in which a pre-existing glider divides into two gliders as a result 
of an interaction with its environment (Beer, 2015), may also 
contribute to glider creation. 
 An investigation into the destruction processes responsible 
for subsequent glider decay is likewise ongoing. Previous work 
has already demonstrated that over 99% of environmental 
perturbations are lethal to a glider (Beer, 2014). However, in 
order to explain the rate of destruction, this analysis will need 
to be extended to take into account the changing 1-density of a 
glider’s environment, which induces a time-varying 
distribution over perturbations. It is also worth emphasizing 
that the toroidal topology plays a central role in glider 
destruction. Because gliders move through a periodic lattice, 
they repeatedly encounter the same debris fields, increasing 
their chances of destruction. In contrast, in an open universe, 
gliders could escape and persist indefinitely. 
 Ultimately, a better understanding of the processes of glider 
creation and destruction will provide both a qualitative and 
quantitative account of the structure of Figure 3. As one 
example, anomalous glider persistence around 𝜌 ≈ 0.05 and 
𝜌 ≈ 0.8 is related to apparent phase transitions in asymptotic 
1-density that occur around these values (Bagnoli et al., 1991; 
Beer, 2015). These regimes seem to represent an optimal 
tradeoff for gliders: the 1-density is sufficient to support a low 
level of glider creation but insufficient to generate too much 

additional debris that would eventually destroy the resulting 
gliders. 
 This abstract has sketched the beginnings of an investigation 
into the origin of gliders in the Game of Life. We have shown 
that gliders arise from a rich interplay between diverse 
processes of creation and destruction, and even the general 
statistical and topological properties of the GoL universe. But 
more generally, these preliminary results suggest the 
complexity of the issues that any inquiry into the origin of 
physical autopoiesis must address. Of course, in order to 
simplify the investigation, the toy model we have chosen 
ignores the physicochemical details of the real world, which 
provide additional constraints on realizing autopoiesis. Thus, 
future work will not only need to advance the analysis begun 
here, but also explore ways to introduce more realistic energy 
considerations into cellular automata models. 
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Figure 3: The dependence of mean glider count on time and 
initial 1-density. Each point in this plot represents the average 
of 5,000 samples. 
 

 
Figure 4: The dependence of mean glider count on initial 
1-density at specific points in time. Each point in this plot 
represents the average of 100,000 samples. 
 


