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Abstract. The project presented here aims at exploring the possibility of using the CA as
random number generators. We have made simulation with linear CA, with 256 cells, and
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1. The project presentation

Our starting point was the paper 'Looking for the lost noise' by Gh. Stefan [13].
This paper advances the idea of using the CA as random number generators (in
several configurations).

The project was developed in two phases.

The first phase aimed at monitoring the way in which classical CA evolve, that
is, without using genetic algorithms. A description of this phase is included in
paragraph 4.

In the second phase, we have used the chromosomes obtained in the first one, in
order to make genetic experiments with chromosome colonies.

Simulation was made with linear CA with 256 cells.

The present paper presents the second phase of the project.

In 'Looking for the lost noise’ Gh. Stefan put forward the hypothesis. Since
we are presenting the experiment, the title of our paper is 'Searching for the lost
noise: the genetical experiments'.

2. Modeling of parallel phenomena

2.1 The new paradigm: Concept metamorphosis

Modeling of non-deterministic phenomena has generated the apparition of new
paradigms; classic concepts have undergone a series of metamorphoses. The new
point of view is based on the idea of searching the solution for a problem.



Iterative determining of solutions is replaced by a search process within a
space of solutions. Determining of the optimal solution becomes searching for
an as-good-as-possible solution. The notion of the best (optimal) solution turns
into the notion of as-good-as-possible solution. The iterative determining process
of the optimal solution (the classical form) turns into a process of searching for an
as-good-as-possible solution, within given cost-parameters.

Cost parameters can appear either as a physical time limit (total duration
allotted to the search of the solution), or as a threshold for the number of
searches. Irrespective to the form they are specified, cost parameters usually
represent a decisive aspect in defining the search. Practically, beyond a certain
search time, obtaining the best solution is too costly. To the limit, a certain
solution, is to be preferred to the absence of any solution, with the motivation that
the respective solution isn’t the best possible!

Let us mention, too, that in large-scale spaces, defining ‘the best’ solution is a
problem in itself.

The new paradigm has, as its program, finding of some solution, and,
eventually, its improvement (within clear cost conditions).

2.2 Genetic Colonies

Experiments with genetic colonies belong to this category of solution
searching algorithms. The basic idea of genetic algorithms is to start from a
certain initial solution and to try to improve it.

We use some techniques for generating new solutions, starting from the initial
ones. We define an evaluation and classification function for the new solutions
(the “fitness’ function).

The process goes on from the new solution: a solution with better performances
than the initial one is used as a starting point for a new search, and so on. Finally,
the limits of the search process are set by the cost parameters.

2.3 Experimental Mathematics

Experimental Mathematics is a paradigm appearing in association "with the
exploratory use of a computer” [1], especially "when one attempts to analyze
experimentally algorithms"” [8]. In our case, we have used the computer for
simulating CA. The space of the solutions is of the 22°° dimension.

3. Genetic algorithm

3.1 Top-level description of a genetic algorithm
The space of the solutions where the search takes place is formed of linear
uniform CA with 256 cells that can have two states. We will henceforth name
them chromosomes or cellular automata, according to the context.

Let us start by reviewing the top-level description of a genetic algorithm ([5]):



=

Initialize a population of chromosome.
Evaluate each chromosome in that population.
3. Create new chromosomes by mating current chromosomes; apply mutation
and recombination as the parent chromosomes mate.
Delete members of the population to make room for the new chromosomes.
Evaluate the new chromosomes and insert them into the population.
If time is up, stop and return the best chromosome; if not, go to 3.

o
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3.2 Description of a genetic algorithm
When describing a genetic algorithm, we should make precisions concerning

the following aspects([5], [12]):

e how do we get the initial population; and, implicitly, which is the dimension
of the standard population (the number of chromosomes the population
consists of)

e how do we get offspring from the current population (how do we get from a
‘generation’ to the next one); otherwise put, how do we perform the crossing
of the chromosomes

e how do we perform the performance evaluation, or, equivalently, how do we
select the chromosomes upon which the experiment is pursued

e how or when the experiment is stopped

The term gene pool refers to the population we are working with, that is:

at the first step of the experiment, to the initial population
during the experiment, to the population obtained from applying crossings to
the population from the preceding step (the preceding generation / iteration)

4. Chromosomes

4.1 Randomness and prediction

We use a definition of randomness inspired by G. Chaitin([2]-[4]): an
automaton is random as long as its evolution cannot be predicted. From the
moment when its evolution can be predicted, it is no longer random. An
automaton is random until it starts cycling. We decide to stop the automaton in the
moment it starts cycling, and to consider its evolution as complete

Practically, one way or another, we must;
e have an evidence of the states of the automaton, in the order of their

appearance, and
e test a new state of the automaton (the current status, the last one resulted from

the calculus process) if it appears from the first time or not.
If we find it in the ‘history’ of the automaton, it represents the end of the first
cycle of the automaton and the generation of new states stops. If not, the new
status is to be archived and the iterations continue.



We keep the whole automaton ‘history’ in a matrix, whose successive rows
memorize the automaton’s states in the order of their apparition. We will name
this matrix ‘the evolution matrix’.

In order to synthesize the results, we have to monitor the chromosomes in two

different ways:

e the first one: we monitor for each chromosome the evolution as an internal
mechanism of the cellular automaton

e the second one, we archive the results of each chromosome, individually,
together with its initial configuration and the performance

And we must, of course, not repeat the tests for the same chromosome.

As regards chromosomes, there are two problems:

e the generation of the initial states

e the concrete work with a CA.

This time, we didn’t perform the chromosome initialization randomly: we have
systematically generated distinct chromosomes.

For actually working with a cellular automaton (monitoring the evolution of
the automaton), we arrived at the following diagram:

1. Aninitial state is generated

2. The initial state is memorized in the evolution matrix, in line 1 of the matrix;
a counter number_cycles_of _life is initialized with 1.

3. A calculating function is applied to a new state of the automaton; we name
the new state of the automaton chromosome_current; the counter
number_cycles_of_life is increased with 1.

4. The sequential chromosome_current is compared with the values from the
evolution matrix, from position 1 to position number_cycles of life-1 the
sequential chromosome_current is compared to the values in the evolution
matrix, from position 1 to position number_cycles_of_life-1

5. If an equality does not appear, the chromosome_current is memorized in the
evolution matrix; and we came back to step 3

6. If an equality appears (the value already exists; that means that the
chromosome_current represents the closure of the first cycle), the experiment
stops, but (number_cycles_of life -1) represents the performance of the
chromosome; we archive the chromosome

Using this software device, we have generated over 500.000 chromosomes. The
archiving of the results is done in a database. For each chromosome, we archive its
initial state and its performance.

This represented the first stage of the project development. Normally, we
shouldn’t have done a detailed presentation of this stage. We have, nevertheless, a
few reasons for having done it:

e The way the chromosomes evolution is studied doesn’t change. As
regards the crossover-obtained chromosomes, their evolution is studied
the same way.




e  With the definition inspired by G. Chaitin, we consider that an automaton
the longer life cycle has, the better approximates noise. This definition
will be used as fitness function throughout the genetic experiment. We
will classify chromosomes using evolution as a fitness function: a
chromosome is more performant if it has a longer life cycle.

([91, [10], [11], [14], [15], [16])

4.2 Crossover and Mutations
For obtaining of new chromosomes, we have applied the one-point crossover,
as follows:
Parent 1
x1x2 ... x127 x128 | x129 x130 ... x255 x256
Parent 2 =
yly2 ... y127y128 | y129y130 ... y255 y256

Offspring 1
X1 x2 ...x127 x128 |y129 y130 ... y255 y256

Offspring 2
yly2 ...y127 y128| x129 x130 ... X255 x256
(| was used for marking the place where the ‘cut’ has been made).
As a working mechanism, mutation appears too: with a certain frequency, a
certain chromosome from the population is altered randomly
In our experiment, we have worked with a mutation rate of 1 %q. ([5],[12])

5. The experiment

5.1 The Initial Gene pool
The first step: initializing of the chromosomes (selection of the initial
population). We proceeded as follows: we had the database containing over

500.000 chromosomes. Within it, the chromosomes were recorded sequentially,

the way they had appeared during the iterative generation. We next proceeded as

follows:

1. we took ‘slices’ of 5000 chromosomes each, successively, as they appeared in
the database.

2. we ordered them according to their performance.

3. after ordering the chromosomes, we retained for the initial population those
classified within the first 16, which we will subsequently name “favorites’.

4. from the rest of the initial population (the total of 5000 minus the favorites),
we have chosen at random still 16 chromosomes, which we will subsequently
call ‘candidates’ and which we have added to the favorites, thus obtaining the
initial gene pool.



Thus, the 1 generation of the experiment was obtained.

5.2 Setting of the Parameters

1. We have used 256 cells chromosomes (strings of length 256)

2. The colonies have the length of 32 (they are formed of 32 chromosomes)

3. We have chosen the initial generation from the 5000 chromosomes ‘gene
pool’ as follows: those classified the first 16 (the favorites) plus other 16
(candidates), randomly chosen

4. With the chromosomes from the gene pool, we have made 32 crossings: half
with the favorites crossed with other chromosomes, and half with randomly
chosen chromosomes.

5. We evaluated the 64 chromosomes (we calculated the length of their life
cycle) and we classified them. Those classified among the 32 first
constitute a new generation.v

6. The experiment is iterated for 132 times.

Our strategy aims at ‘proliferating” of the favorites, or at their diffusion in the
rest of the population. With the strategy employed here, favorites are always
crossing: 32 from the 64 offspring are directly obtained from crossing them. The
rest, randomly, from the idea that in a large search space, one can never know
when comes next to a better solution.

6. Performances of the colonies

Any experiment with cellular automata starts from a certain solution to a given
problem and tries to improve the respective solution. In our case, we want to
obtain an improvement of the favorites.

In an experiment with cellular automata nothing is clear from the beginning.
We let ourselves led by the intuition that from a colony with better average
performance (formed from the beginning from valuable individuals) chances of
obtaining an increase of both the favorites and the colony are increased.

Having these in mind, we have monitored throughout the experiment, several
parameters: the initial average of the colonies and of the favorites, the final
average of the colonies and of the favorites, and, in the idea of, perhaps,
discovering a possible connection to the evolution of the colony, the ratio between
the favorites and the colony, in the initial and in the final point.

6.1 Results
As a distribution of cases, the results are those in table 1



Table 1. Evolution of colonies

A B C D| E F| G H I J
6-44 45| 44 0 4 1 1 0 1] 44
45-83 1 1 1 0 O 0 0 0
84-122 0
123-161 2 1 0 1 1 1 0 1 1
162-200 3 1 0 1 2 1 1 1 2
201-239 2 2 0 2 O 0 0 0 2
240-278| 44 44| 42 2l 0 0 0] 42 2
279-317 1 1 1 0f O 0 0 1 0
318-356 0
357-391 3 3 3 0 O 0 0 3 0

The contents of the columns is the following

A —the interval of initial averages of the favorites

B - TOTAL OF CASES

C -D - E THE AVERAGE OF FAVOURITES IS EQUAL, thus
C total cases, out of which:
D the colony increases
E the colony decreases

F - G - H THE AVERAGE OF FAVOURITES DECREASES, thus:
F total cases
G the colony increases
H the colony decreases

| TOTAL OF COLONIES INCREASING

J TOTAL OF COLONIES DECREASING

6.2 Comment on the results
We started from a few intuitions. Let us see the way they are confirmed (or
not) after the experiments.

First of all, colonies: in 50 cases the average performance increased, and in 51
cases it decreased. That is, we have a balanced situation of scores.

With favorites, instead, the situation was the following: from all these
experiments, the average of the favorites increased just in 4 cases. From these, in 3
cases, it was noticed an increase of the colony too, and in one case the colony
remained stable.

The problem is that data obtained are not at all differentiated. More exactly,
under similar conditions, the results are opposite.



As an example, let us examine in detail a few cases

In the value interval 6-44, from a total of 45 cases, in one case the colony is
increasing, and in 44 the colony decreases (table 2.1). In bold type, the case of
favorites increasing.

Table 2.1 Evolution of the experiment in the 6-44 interval

The colony The colony
increases decreases
Minimum/maximum
Initial average COLONY 6.69 5.25-7.53
Initial average FAVOURITES 8.25 6.00 —10.00
Initial rapport FAVOURITES / 1.23 1.08 -1.64
COLONY

The increase of the favorites was from 8.25 to 102.25

In the value interval 123-161, out of a total of 2 cases, in one case the colony is
increasing, and in one case the colony is decreasing (table 2.2). In bold type, the
case where the favorites have increased.

Table 2.2 Evolution of the experiment in the 123-161 interval

The colony The colony
increases decreases
Initial average COLONY 39.06 41.25
Initial average FAVOURITES 133.60 136.40
Initial rapport FAVOURITES / 3.42 3.31
COLONY

The increase of the favorites was from 133.6 to 196.4

In the value interval 162 — 200, out of a total of 3 cases, in one case the colony
is increasing, in one case the colony is decreasing, and in one case it doesn’t
change its performance. In bold type, the case where the favorites have increased.



Table 2.3 Evolution of the experiment in the 162-200 interval

The colony The colony The colony stays
increases decreases as such
Initial average COLONY 46.41 47.16 52.97
Initial average 165.90 166.00 166.00
FAVOURITES
Initial rapport 3.57 3.52 3.70
FAVOURITES /
COLONY

The favorites’ increase was from 165.9 to 229.10.

Conclusions

Several conclusions are drawn:

The first one, a rather sad conclusion: it cannot be made a direct connection
between the rapport favorites-colony, initial and final.

Starting from what we have observed, we retain several constructive variants of
resuming and continuing the experiments.

e We have cases where favorites have increased. Let us resume these cases,
with the observation that, finally, we are not interested in the evolution of the
colony, because we are hunting for the ‘trophy’ (the increase).

e Let us change the way of monitoring the experiment. More exactly, let us
separate the pairs of parents having produced offspring with better
performance. In fact, let us devise a database of pairs which, through
crossing, have produced better results.

e Eiben AE. et alii [5] makes a comparison between various crossover
operators. We retain the idea of resuming our experiments, using several
different crossover operators

e Eiben A.E. et alii [5] study also multi-parent reproduction strategies in
genetic algorithms. A way of resuming the experiment could also be one
where the offspring combine material from 4 parents, and not from two, like
in our experiment.
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