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EVOLUTIONARY COMPUTATION AND GENETIC ALGORITHMS

Rudolph Zallinger's "The March of Progress" from Time-Life's 1965 book Early Man
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The picture above was created by natural history painter Rudolph Zallinger and was first
published in 1965 in the volume Early Man1, authored by anthropologist F. Clark Howell. Its
depiction of evolution as the monkey who gradually transforms into a modern human being is
fascinating but scientifically wrong2. The theory of evolution has its origin in the publishing of
Charles Darwin’s On the Origin of Species3. The central concept is natural selection; all living
creatures are descendants of older species and the variations that can be seen in the natural world
have been selected by nature in the process known as “survival of the fittest”, which consists of
some individuals having greater chance of reproduction due to some heritable differences. These
individuals are said to have higher “fitness”, which measures the “success” of an organism. The
benefiting traits are essentials to survive in the competitive state of nature but also to increase the
chance of reproduction (and are therefore subject to sexual selection) 4,5.
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There are four requirements for evolution to take place: one of the central concepts is the
above mentioned fitness; without variation in it there would be no evolution. Essentially, fitness
measures the ability of an individual to survive and reproduce. The consequence of the difference
between the values of fitness from one organism to another is the higher number of offspring of
the one with the higher fitness value6. Variation, the series of changes occurring in a species, is the
second condition; it can be inherited or due to the environment. Inherited variation is a
characteristic that has been genetically inherited: children receive half of their genetic information
from each parent, forming a new genetic set for the new individual. Examples of inherited
variation are eyes color and hair color. Organisms can also be affcted by changes in their
environment; climate and culture are two factors of environmental variation7. Third is
reproduction, the process of “creating” new offsprings from parents; it can be asexual, where
reproduction involves only one organism, and sexual, the most common form, that needs two
different members of the species to occur8. Heredity is the fourth essential element: it is the
process by which a parent passes some traits to offsprings. Heredity helps variation in the
population and therefore may cause some species to evolve9.

The genetic mechanisms behind evolution were first uncovered by the work of Gregor
Mendel in the 20th century. Each cell of an individual has chromosomes, or strands of DNA, and
each chromosome consist of genes, that have their own position (locus) and are inherited from
the parents during reproduction in a process called crossover; every gene encodes a different trait,
such as height and eye color, while alleles are different varieties of genes: for example, there’s an
allele for brown eyes, one for black eyes, and such. The set of all chromosomes is called genome.
New traits can be introduced in a population by a gene flow, the transfer of alleles or genes, from
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other populations or by mutation, a change in the structure of a gene that is usually the
consequence of an error in the transcription of DNA10,11.

From the 1950s several computer scientist began to think of a way to apply evolutionary
concepts to solve computational and optimization problems. Genetic algorithms (GAs), subfield of
evolutionary computation, were invented and developed during the 60s at the University of
Michigan by John Holland and its students12. The field of evolutionary computation is considered a
strong tool to deal with complex problem solving. It is often required of a computer program to
easily adapt to an evolving environment, to be innovative and original and to perform tasks that
are simply too difficult to be programmed manually, especially in the field of artificial intelligence.
The theory of evolution has been an inspiration to develop these concepts because it is a way of
find optimal solutions; in biological terms the solutions are found in the set of all possible genetic
sequences and are the individuals with the highest “fitness”. Also, as the human organism
develops complex mechanisms to solve problems that would threaten his survival, computer
programs need to develop innovative ways to get an optimal solution. The constant changes in the
computational world are well represented by the ever-changing natural world. Another parallelism
is the ability to evaluate different possibilities at the same time, as the different species that are
simultaneously tested on their fitness13,14.

The language used to describe the elements of a genetic algorithm is directly derived from
biology, from which they draw inspiration. The set of all possible solutions to the problem is called
the search space, or population. Each feasible solution is an individual, charachterised by two
factors: a chromosome, which is typically encoded as a bit string, and a value of fitness. Short
blocks of different bits of a chromosome that encode a different parameter of the solution are the
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genes, which can have different values, or alleles: in a bit string an allele is 0 or 1. The position of a
gene in a chromosome is the locus and the collection of all the genes is the genotype15,16.

In a genetic algorithm, some individuals are chosen as the parents in base of their fitness;
individuals with higher fitness are more likely to be selected. The parents are then allowed to
produce offspring by applying reproductive operators, such as crossover and mutation. Crossover
operators (Figure 1) recombine the chromosomes of the
parents. The most common type is called single point
crossover. A random point in which to cut the two genes
is selected. The first part of the first parent is then
Figure 1. Crossover

combined with the second part of the second parent to
create a child. Similarly, the second part of the first parent is combined with the first part of the
second parent to produce the second child. Crossover does
not always occur; its probability is just between 60% and 70%.
Mutation is rarer, it occurs with a probability between 0.01%
and 0.02%. When it happens, one bit changes from 0 to 1 or

Figure 2. Mutation

vice versa (Figure 2). Mutation assures that the population doesn’t become too static and
therefore incapable of reproduction. The offsprings form a new generation and the process starts
from the beginning. Again, fitness is evaluated for each individual of this new population and the
selected ones reproduce until a certain number of new generations have been produced and
analysed and the problem is satisfied17,18,19. Figure 3 shows the pseudocode for a typical GA.
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Genetic algorithms can be
applied in a variety of different
situations in science, engineering,
but also in economics and social
sciences. Areas of application are:


Combinatorial optimization
problems: an example of
this

is

the

Travelling

Salesman Problem. The aim,
given a list of cities and their
distances, is to find the
shortest route to visit each
Figure 3. Typical GA pseudocode

20,21,22

city once and then return to
the

starting

point.

The

benefits of the use of genetic algorithms are linked to the mutation and crossover
operators. The former allows a parallel search, while the latter allows individuals to share
information23.


Economics: genetic algorithms are applied in game theory, a field of economics that studies
strategic decision making, the cooperation and conflicts between rational agents making
decisions. They are also applied in the game of prisoner’s dilemma, a game that illustrates
the possibility that two rational beings might decide not to cooperate, even if it seems
their best interest to do so. Genetic algorithms can be used to explore the possibility of
developing cooperative behaviour. Economics uses the following features of genetic
algorithms: the ability to represent individuals as part of a population whose agents differ
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in strategy, the processing of information in parallel and the selection of better-performing
strategies24.


Scheduling: GAs are often applied in order to solve production scheduling problems
because they operate in a set of various solutions in parallel. The population of solutions
consist in different and often conflicting answers. The goal of the genetic algorithm is to
find the best way to assign the time to the activities to maximize the overall
performance25.



Robotics: genetic algorithms are applied in this field to obtain good navigating systems. The
navigation system must be able to direct the robot in a constricted environment and get it
to its destination, without it crashing into objects and getting lost. The genetic algorithm
scans the intermediary points of every candidate path to find the most direct move to the
destination; when an obstacle is found, it stops and goes back to the last free path section
analysed26.

It is proven that genetic algorithms are able to perform very well in real life and complex
situations, because they are adaptive to the environment to which they are applied, just like real
life organisms adapt to the natural environment in which they find themselves. The study of GAs is
also used to model ecosystems, immune, cognitive, and social systems and in the future years it
will become even more prominent in the modelling of artificial life systems27.
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