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Abstract

V2010 is used as the development environment, so as to realize the visual pro-
gramming of Game of Life, and explore the life evolution process of cell group
in different sizes and states. According to cell forms such as circulation and
disappearance, it reflects the complex changes of Game of Life. Setting different
initial states through the code and observing the final generated graphics, you
can see that the complex and simple initial states can achieve the same result. It
is also concluded that a suitable initial state can reach the final state in fewer
steps, which can greatly simplify the evolution process. The entire system is
completely closed and has certain limitations. Meanwhile, the evolution process
of symmetrical initial state is also symmetrically distributed. I introduce ran-
dom quantities into the system to make the simulation results closer to the ac-
tual situation. By setting a random initial state to make the chaotic and disor-
derly situation simple, the concept of “determinism and randomness” can be
better expressed. In the process of change, some local structures remain fixed,
and some local structures present periodic cycles. These structures interact in
complex ways to understand the concept of “whole and part”. The game of life
enlightens us: the simplest logical rules can produce complex and interesting
activities, and a complex system may be iterated by simple rules.
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1. Introduction to Cellular Automata

The spatial model composed of a series of cells with the same properties is called
cellular automata [1]. Cellular Automata are discrete models which are now
widely used in scientific simulations and researches. They consist of some cells,
which will change over time according to specific rules [2]. It is a dynamic sys-
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tem that is discrete in time and space. Each cell scattered in the regular grid takes
a finite discrete state, follows the same action rules, and updates synchronously
according to certain local rules. A large number of cells form the evolution of a
dynamic system through simple interaction. Different from general dynamic
models, cellular automata are not determined by strictly defined physical equa-
tions or functions, but are constituted by a series of model construction rules. Any
model that satisfies these rules can be regarded as a cellular automata model [3].
For example, cellular automata are proved to be an abstract computational ma-
thematical model, and cellular automata can be used as models or theories for
physical systems and equipment. This method can abstract all the details of the ba-
sic physical system, but is still faithful to the basic physical reality it describes [4].

In the 1950s, J. Von Neumann first proposed the concept of cellular automata,
so as to study the phenomenon of self-replication of machines, which is a com-
puter model describing the process of reproduction and evolution, but it is too
complicated, with thousands of cells and 29 states [5] [6]. Therefore, it is diffi-
cult to be implemented. In the 1980s, there was a new breakthrough in the theo-
retical research of cellular automata. Researchers have successfully discovered
the phenomena of bifurcation, attractor, self-replication and self-organization by
using the existing simple rules. Since then, cellular automata have become an
important tool for studying, solving and applying complex systems [7].

Hereafter, Stephen Wolfram has extended the theory of cellular automata and
recorded all his ideas in the 1200-page “A New Kind of Science” [8]. In this
book, he deepened the research on cellular automata and complex systems, be-
lieving that all natural laws can be created by cellular automata, from simple ad-
dition, subtraction, multiplication, and division operations to complex stock
fluctuations can be explained by this theory, namely when a set of rules is set up,
the universe likes a machine constantly calculating to produce our own world,
thus creating our own world [9]. Cellular automata use simple methods to solve
problems that cannot be solved by complex methods in traditional science, and
use simple, local regular and discrete methods to describe complex, global and
continuous systems. It is possible to conduct simulation studies on urban growth
[10] [11] [12]. It can monitor and simulate land use changes [13] [14]. It can also
be applied to artificial life research, which has been widely used [15].

The basic structure of two-dimensional cellular automata is cell, cell space,
neighbor, cell evolution rule and cellular state, which is a simple calculation me-
thod [16] [17]. Each cell is in a certain position and state. Each cell surrounds
the other cells, and there are only two states, either alive or dead [18]. Humans
are used to assuming that the environment will greatly affect the cellular state.
Assuming that the environment will affect the cellular state, we will narrow the
scope of the assumption to infinitesimal and think that the state of the cell is on-
ly affected by its current state and the state of the adjacent cell, which is similar
to a calculus equation dividing a rectangle into countless infinitesimal rectangles.
In this sense, differential equations and cellular automata are a pair of relative
calculation methods [19].
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The initial state assumes that there is a natural cell group, and each cell has
only one initial state, and then the cell group will change, reproduce or annihi-
late. When the time is n, the positions and states of all cells will be refreshed
once. Then, according to the rules, the current state of each cell and the state of
neighboring cells, the state of this cell is inferred. When the time is 2 + 1, all cells
change according to the same rules. It seems very simple, but a simple calcula-
tion method is difficult to be analyzed. The characteristic of cellular automation
is that under certain rules, it is difficult to predict what changes will take place in
the cell under any initial conditions. However, it is also the charm of cellular
automata, namely unpredictable, unmeasurable and unpredictable. A seed can
grow into a big tree in various forms or even an oasis. There is a square-mesh
cellular automaton, and the initial state contains a cell group. By setting a simple
rule, only the surrounding cells are changed. After dozens of changes, the whole
graph changes greatly, leaving only a small group of cells. This rule successfully
depicts the internal features of the graph, as shown in Figure 1. Each cell uses
only local information, but successfully changes the big environment, which
means that local rules can generate global patterns.

A lot of scientific research has developed the theory of cellular automata,
which enables us to better think and understand related concepts such as “de-
terminism and randomness”, “process and state”, “simple and complex”, “con-
tinuous and discrete”, “parallel and serial” etc. These views provided us with a
good idea and brought many inspirations.

The novelty of this article lies in the following aspects:

1) Successfully demonstrated part of the work of the predecessors with the
software programmed by myself, demonstrated cellular automata that recognizes
internal features, game of life, etc.

2) Discuss the evolution process of the game of life, understand the characte-
ristics of the whole change through different initial states, and better understand
the concepts of “process and state”, “simple and complex”. Introduce random
quantities into the system to make the simulation results closer to the actual situa-
tion. By setting a random initial state to make the chaotic and disorderly situation

simple, the concept of “determinism and randomness” can be better expressed.
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Figure 1. Cellular automata that recognizes internal features.
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3) In the process of change, some local structures remain fixed, and some local
structures present periodic cycles. These structures interact in complex ways to

understand the concept of “whole and part”.

2. Introduction to Game of Life

Conway’s Game of Life is the most typical cellular automata model in the devel-
opment of several decades [20]. Around 1970, Conway and his students
launched Game of Life after a lot of experiments. Its appearance has aroused the
extensive interest of people, and cellular automata has become popular all over
the world [20] [21]. The rules of Game of Life are very simple, but they approx-
imately describe the survival and reproduction rules of biological groups and are
most widely used. Game of Life is also a kind of image matrix transformation,
which brings decades of exploration and discussion to the world [22] [23].

The rule of cell state evolution in the game of life is the core part of the entire
program [24]. Space is represented by a two-dimensional rectangular grid, each
grid represents a cell, and each cell has two states: dead or alive. The Moore
neighbor approach is adopted here, as shown in Figure 2.

The Moore neighbor approach means that each cell has eight adjacent cells,
and the state of each generation of cells depends on the number of cells around
it. By calculating the number of living cells in the eight cells adjacent to itself, the
evolution is carried out according to the following three rules:

1) If the number of cells around the living cell is less than 2 or more than 3,
death will occur;

2) If the number of cells around the living cell is 2 or 3, it can continue to sur-
vive;

3) If the number of cells around the dead cell is exactly 3, it will be resur-
rected.

Game of Life is composed of numerous local changes, and none of the cells
knows the changes in the big environment. Simple graphics can be constantly
changed and gradually complicated. However, complex graphics can also be
continuously simplified under the rules. In fact, Game of Life leaves us more
thinking-whether there is a model that can grow indefinitely? Is it possible for a

small cell to create larger objects or even the whole world by a simple rule?

Figure 2. Moore-type neighbor method.
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3. Model of the Game of Life

In this paper, Visual Studio 2010 is used to simulate the evolution process of cell
group. The basic data structure is matrix, which is convenient to simulate a large
number of cell states. The two-dimensional matrix A [i][j] is used to define the
initial state of the cell, in which the life state of the living cell is 1, represented by
white squares, and the life state of the dead cell is 0, represented by black
squares. Considering the authenticity and efficiency of the simulation,
Moore-type neighbor method is still adopted to study, and C language is used to
express the evolution rules of cell.

First judge the survival status of cell neighbors, and count the number, the

implementation code is as follows:

Count = board[ROWS - 1][COLS - 1] + board[ROWS - 1][COLS]

+ board[ROWS - 1][COLS + 1] + board[ROWS][COLS - 1]

+ board[ROWS][COLS + 1] + board[ROWS + 1][COLS - 1]

+ board[ROWS + 1][COLS] + board[ROWS + 1][COLS + 1];

Then change the state of the cell according to the rules, board[i][j] indicates
the initial state and temp[i][j] indicates the state after the change:

switch (Count)

{

case 3:
temp[ROWS][COLS] = 1;
break;

case 2:
temp[ROWS][COLS] = board[ROWS][COLS];
break;

default:

temp[ROWS][COLS] = 0;

}

Finally, assign the result state to the current state and prepare to enter the next
change:
board[i][j] = temp[i][j];

The simulation interface of the whole software is shown in Figure 3. There are
two small menus. The “Options” menu is used to select the display and running
status of the cell group. First of all, the display size is selected. There are three
interfaces to select, and then the initial state is selected. There are also three set-
ting methods. The first is code setting. C language is used to describe the loca-
tion of the cell group, which is suitable for large quantities. The second is ran-
dom setting and the third is manual setting. After selecting a good state, you can
click “START”, and the initial state will change continuously according to the
rules. During the change process, you can click “STOP” to view the current life
state, press “START” and start the change again, and “EXIT” is used to exit the
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# ' Game of Life — X
Options Introduction
------- Initial Board -------- About Game of Life
10to 10 GOOD LUCKI!
30 to 30
50 to 50

EXIT

Rule Initialization
Random Initialization

Manual Initialization

Figure 3. Interface of software.

program. The “Introduction” menu is made up of two parts. It is used to briefly
introduce information related to the program, as shown in Figure 4.

The flow chart of the entire program is shown in Figure 5.

4. Graphical Simulation and Result Analysis

The simulations are performed on three different sizes of interfaces. The evolu-
tion of the game of life is more complicated, and the typical changes are selected

for analysis.

4.1. Cells Change on the 10 x 10 Interface

For the 10 x 10 interface, I chose a cyclical mode to illustrate, as shown in Fig-
ure 6, there are a total of 5 states, from the outside to the inside, and then from
the inside to the outside to achieve a periodic cycle.

There are many types of cyclical cells. Here I will list two basic cells with a pe-
riod of 2, as shown in Figure 7 and Figure 8, respectively. They will constantly
exchange forms after the system is stable.

When the number of cells is large, the entire system can be divided into
countless parts, and in the final stable state, it is also composed of these basic cell
combinations. So I expanded the initial number of cells, as shown in Figure 9.
After dozens of changes, the final state is composed of basic fixed cells and peri-

odic cells. The entire cell group has a period of 2 and is constantly changing, as

DOI: 10.4236/jcc.2021.91005

49 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2021.91005

J. C. Huang, Y. Peng

About Game of Life -
Name: Game of Life
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Place: Jiangnan University
T|me 20201208 _, ......................................

........................................

Figure 4. Interface of introduction.
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the Set the initial
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choose “stop” to
check the current cell
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Continue the
game
End

Figure 5. Flow chart of program.

shown in Figure 10.

4.2. Cells Change on the 30 x 30 Interface

For the 30 x 30 interface, I chose a vanishing mode to illustrate. As shown in
Figure 11, they correspond to two different initial states. After dozens of changes,
they gradually become more complicated. In the final state, all cells die. These
are just two ways of cell death, and the changes in these two ways are completely
different. I think that when the magnitude of the cell expands dozens of times or
even infinity, there will also be certain situations that make the number of cells
clear. Therefore, it can be concluded that an appropriate initial state can greatly
simplify the evolution of the entire system, and can change from complexity to

simplicity, or even nothingness.

4.3. Cells Change on the 50 x 50 Interface

For the 50 x 50 interface, I chose two different initial conditions as shown in
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Figure 8. Another cell state with a period of 2.
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Figure 11. Vanishing type of cell.
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Figure 12. After 69 and 67 transformations, the final state is exactly the same, as
shown in Figure 13.

Observing on the 30 x 30 interface and changing the initial number of cell
groups, you will find that similar situations exist. The two initial states are
shown in Figure 14. After dozens of changes, the final state is the same, as

shown in Figure 15.
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Figure 14. Two initial states on the 30 x 30 interface.
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Figure 15. Final state.

Similar situations also exist on other size interfaces, so it can be concluded
that in the cell system, there may be several or more ways to reach the same re-
sult. You can try to change the initial state of the cells group to achieve the ulti-
mate goal. Although the difference between the two states of change is only a
dozen cells in the current limited environment, when the environment is infi-
nite, one more choice may greatly improve efficiency and make the evolution
process easier.

In all the typical changes listed above, it can be clearly seen that when the ini-
tial state is symmetrically distributed, the entire process of evolution is symme-

trical.

4.4. Cells Are Randomly Generated on the Interface

The random variable is introduced into the system, which can make the simula-
tion results closer to the actual situation [25]. Therefore, we observe how the
random initial state will change. The initial state is very complex, as shown in
Figure 16. And the system tends to be stable after 988 changes. During the
whole change process, the first 500 cell groups decreased continuously, and the
system became complicated again at 650 times, leaving only fixed and periodic
cell groups at the end, as shown in Figure 17.

Because cellular automata adopts a closed system and does not have openness,
a single cell at the edge of the system will not die, which is a disadvantage. I
think it is the limited environment that causes the temporary complexity of the
system, similar to the sputtering of water droplets. When the cell group encoun-
ters the cell on the edge, it will emit more splash and become complicated. By
comparing random cell groups on interfaces of different sizes, I hold that when
the environment is infinite, the cell group will always change, but in the end it
will tend to be simple. The simplified way of the whole process is to spread to all
sides, which is somewhat similar to Chinese Go. The right move of a chess can

revitalize the overall situation, and the complex situation will be suddenly clear
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Figure 17. Final state.

in an instant.

This is very consistent with the principle of chaos theory. It tells people that
“the original state of everything is a bunch of seemingly unrelated fragments, but
after this chaotic state ends, these inorganic fragments will organically merge

into a whole”

5. Conclusions

The entire simulation uses visual studio2010 as a development tool to realize the
visual programming of the game of life, and specifically analyzes the life evolu-
tion process of the initial state, such as cycle, disappearance, and random. The
simulation results show that the game of life is complicated. Composed of

countless parts, it is born from simplicity, passing through the small cells of dif-
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ferent parts, and then combined with its own large environment and passed to
each level.

All simulations are carried out in a limited environment, which cannot truly
reflect the changes of the system, and there is no openness. But there are some
useful conclusions that can be drawn: a suitable initial state can greatly simplify
the evolution process, and different initial states can achieve the same result,
which can provide more selectivity. At the same time, when the initial states are
symmetrically distributed, the evolution process is also symmetrical.

The use of cellular automata to simulate complex systems can explain many
internal mechanisms of complexity. The simulation method of cellular automata
has become a new method for studying complex systems [26]. When traditional
scientific methods do not work, computer simulation is often the only way to
understand the situation of things. It not only compensates for the weaknesses of
human thinking, but also eases the limitations of human research tools. As Paul
Humphreys [27] expresses in the title of the book, it is to help us “extend our-
selves”. Learning to use computer simulations can help us come up with new
theories, models and hypotheses.

The game of life enlightens us: the simplest logical rules can produce complex

and interesting activities, and a complex system may be iterated by simple rules.
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