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Background. Genetic algorithms are used in various tasks and show advantages compared to
other optimization methods, which may not always be applicable. However, there are cases when
they can’t provide the best possible solution. One of them is the premature convergence of the
population to a single solution. As population diversity decreases, the search domain becomes
limited, and potential solutions may be overlooked. This scenario is particularly common in
multimodal functions where multiple local optima exist. To address this, a class of techniques
known as niching techniques has been developed. These methods preserve population diversity
and prevent premature convergence to suboptimal solutions.

Materials and Methods. In this work we investigate the method of speciation and how it
helps to find solutions for given tasks. For this, several experiments were conducted, in which the
highest value of the function was found in the given interval. It was compared how results of the
optimization differed if we used speciation and didn't. To assess the diversity of speciation, the
values of the average fitness of the population and the standard deviation of the values of the
individuals in the population were compared. We also evaluated how speciation helps with
optimization for tasks with suboptimal solutions, comparing how many successful solutions were
obtained in experiments with and without speciation.

Results and Discussion. The results show that the speciation method preserves population
diversity and improves optimization outcomes for multimodal functions. In the experiments
where speciation was applied, the population maintained a higher level of diversity, as indicated
by a larger standard deviation in population individuals' values. It resulted in increasing of the
number of successful solutions in tasks with multiple local optima.

Conclusion. Speciation effectively preserves population diversity and helps to avoid
premature convergence in genetic algorithms. This leads to better optimization results, especially
in tasks with multiple local optima. This highlights the importance of diversity-preserving
techniques, such as speciation, in addressing the limitations of genetic algorithms, especially in
complex optimization tasks.

Keywords: genetic algorithms, optimization, niching techniques, speciation

Introduction

Genetic algorithms (GA) have a wide spread of use in optimization tasks and competes
with other optimization techniques, sometimes showing better results in terms of efficiency and
also is capable to be used in specific cases where other methods are not applicable. That said,
GA also have a range of problems that come from unique features of algorithm itself. That
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forces us to find configuration appropriate for specific tasks or even invent new modifications
and techniques.

One of common problems with using GA is converging to single solution, that makes
population through evolution process less diverse. This behavior is called a genetic drift. Less
diverse population have negative impact on GA [1]. Although we can often receive solutions of
high quality, it also could be a crucial problem for tasks with suboptimal solutions, that leads
GA to not being able to find best solution. Diverse population also provides following
advantages: global exploration of the search space, facilitating crossover, diverse set of
solutions for decision making, robustness.

To maintain population diversity many solutions were proposed. They include preserving
diversity through balancing exploitation and exploration via parameter tuning and careful
designing of selection mechanisms. Other techniques control diversity explicitly with
mechanisms embedded to evolutionary algorithms, such as eliminating duplicates and niching
techniques [2], that maintain population diversity based on the distance between the population
members.

While niching techniques already were investigated in other works [3-5], in this work we
will cover speciation technique, a method for promoting diversity by grouping similar
individuals into subpopulations or species, and compare how results improved based on
desirable solutions of defined optimization tasks and diversity of population. To measure the
dissimilarity between individuals, we will employ the Hamming distance, a well-established
metric for quantifying differences in binary representations.

Materials and methods.

Algorithm of speciation.

The speciation technique involves dividing a population into subgroups (species) based
on genetic similarity. To implement it few additional steps are embedded into the genetic
algorithm. After speciation is performed, we proceed with all remaining steps of genetic
algorithm such as selection, mutation and crossover.

Determining similarity metric. A similarity (or distance) metric is selected to measure
how genetically different two individuals are. Most common metrics include:

- Hamming distance: used for binary-encoded genomes. It counts the number of

differing bits;

- Euclidean distance: used for real-valued vectors. It measures the straight-line distance

between two individuals in multi-dimensional space.

Depending on the genome encoding, other metrics such as Manhattan distance or cosine
similarity can be used.

Defining speciation threshold. Speciation threshold 5; determines the maximum distance
between two individuals that allows them to belong to the same species. The threshold is a
critical parameter that controls how similar two individuals must be to be placed in the same
species. A smaller threshold leads to more species (higher diversity), while a larger threshold
may result in fewer species and faster convergence.

Assigning individuals to species. Each individual is assigned to a species based on their
genetic similarity to the others. For each individual, we compare it with the picked species'
representative. If the genetic distance between the individual and the representative of any
existing species is less than the speciation threshold &, it is added to that species. If no species
meets the threshold, the individual forms a new species and becomes the representative for that
species.
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At the end of this process, each individual is grouped into a species where all members
are genetically similar within the bounds of the threshold.

Fitness Sharing. For each individual, its fitness score is adjusted based on the number of
individuals in its species. The adjusted fitness is computed by dividing the individual's raw
fitness by a factor that reflects how crowded its species is. This adjustment reduces the
reproductive advantage of individuals in large species, promoting the survival of individuals in
smaller or less populated species.

Experiment configuration.

We will perform a series of experiments to see how applying speciation changes the
optimization results and its process at all. First we will perform test on function with one
optimal solution to compare how GA with and without speciation will behave. Second we will
have function with few suboptimal solutions. One solution will be in short range of values,
which should complicate the task and population diversity will play a crucial role in finding
best solution.

For GA we will use classic model with selection, mutation and crossover. Our
chromosomes will be represented as bit strings in Gray code, so we will have following
operators: tournament selection with 3 individuals per group, uniform crossover, bit flip
mutation. The other configurations are: population size 50, mutation rate 0.05, crossover rate
0.5. We also save 2 best individuals in each generation.

For speciation we calculate distance as Hamming distance between individual and species
mascot, which is randomly picked individual from a species. If distance is less than specified
threshold &; = 0.3 individual belongs to same species as mascot. After all individuals in
population are distributed between different species, we calculate their new fitness values as
their original fitness divided by number of individuals in species they belong to. Thus,
individuals which are more unique will have higher chance to survive and as a result we should
receive new generation with higher diversity.

To be able to perform comparisons we will use mean and best fitness values in population
and standard deviation of individual values.

Results and discussion.

We were able to receive desired results. Although we think that results may differ if we
test these methods on other tasks and applying another configuration may also change the
outcome, testing those methods with different parameters or operators didn’t affect the main
conclusion.

Investigation of population diversity without and with speciation. In this experiment we
will try to find maximum value for f{x} = —x* + 2x + 9 on range [—1: 2.095] with step
0.001. In this experiment we will run 100 generations for each test. Same initially generated
random population will be used for finding solution both for method without and with
speciation.

At first let’s take a look in Figure 1 to see how individuals are distributed before and after
optimization process. As we can see initially individuals are evenly distributed, while after
optimization we see difference between methods. In first case where we didn’t use speciation
most of individuals converged to one point, which is the individual with highest fitness value.
In second case where speciation was applied individuals are distributed in entire range more
evenly. This is also can be seen on population fitness dynamic throughout evolving: mean
fitness was closer to best fitness if speciation wasn’t applied (Figure 2).
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Gathering standard deviation of individuals values from population at the generation with
best found fitness and performing 100 experiment gives us 0.57 mean standard deviation for
GA without speciation and 0.96 mean standard deviation for GA with speciation. This
confirms that speciation helps to maintain diversity in population.

b) - " C) 1 0 1 ) 2 3

Fig. 1. Population depicted on investigated function with one optimal solution: a) initial population b) last
generation for GA without speciation c) last generation for GA with speciation

Applying speciation to find optimal solution in multimodal function. In this experiment
function will have few local maximum values:

1.5, 15 = x = 15.01

f(x)z (sin(x)* x _I_(X % 2 —510 A X) ¥ 10)

10 '

on range [0: 32.767]. In this experiment we will run 400 generations for each test. Same as
before same initially generated population will be used for finding solution.

In Figure 3 we can see that evolving process is similar to previous example, but in this

experiment finding best solution required more generations for GA with speciation, GA
without speciation wasn’t able to find best solution before it converged to one solution.

x < 15 and x > 15.01
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Fig. 2. Best and mean fitness values: a) GA without speciation, b) GA with speciation
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Fig. 3. Best and mean fitness values throughout evolving for multimodal function: a) GA without
speciation b) GA with speciation

Performing 100 experiments for each we were able to achieve best result 6 times for GA
without speciation and 88 times for GA with speciation. Individuals standard deviation for GA
without speciation was 4.13 and for GA with speciation 6.32. As we can see results gradually
improved after applying speciation.
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Conclusion.

In this paper, we described how to use speciation technique with genetic algorithms for
optimization task and compared how results have improved after applying speciation. We used
the mean and best fitness values and standard deviation for the individuals’ values in
population to compare population diversity and how successful were optimization results.

Experiments results were according to our expectations. We achieved higher population
diversity with speciation, and also were able to improve probability of finding best solution for
function with suboptimal solutions gradually. These results confirm effectiveness of speciation
in resolving optimization problem for multimodal functions.

Also we tend to think that for some tasks speciation may not be the best technique, and
results may differ depending on other GA configurations, but general approach has shown its
advantages and may be used in pair with other optimization techniques to improve results.
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Beryn. ['eHeTnyHi aiaropuTMH BHKOPHCTOBYIOTHCS B PI3HHMX 3amadax 1 JIEMOHCTPYIOTh
IepeBarn B IOPIBHSHHI 3 IHIIMMH METOJAaMM ONTHMi3amil, sAKi HE 3aBXIH MOXYTb OyTH
3actocoBaHi. OIHaK ICHye psJl HEIOJIKIB, Uepe3 sKi BOHH MOXYTh HE 3aBXKIH 3a0e3NeUnTH
Halikpame MoxuBe pimeHHA. OOHUM 3 HHX € MepeAdacHe 3TOpPTaHHsS MOIMYJIHii A0 €IWHOTO
pimeHHs. Y Mipy 3MEHIIEHHS Pi3HOMAaHITHOCTI HOMYJIAMii 00MacTh MOIIyKYy CTae 0OMEXKEHOIo, 1
MOTEHIIHHI pilleHHs MOXyTh OyTH mnpomymieHi. Lleil crenapiii ocoOMMBO MOMMpEHHH Y
MyJBTHUMOJANBHUX (YHKIISAX, € ICHy€ KiIbKa JIOKaJbHUX onTuMyMiB. 1100 BupimmTH 110
mpobaeMy, OyJIo po3poOJICHO Kiac METOIB, BiIOMUX sK Meroau Himi. Ili Metomau 36epiraroTh
pI3HOMaHITHICTH HOMyJISINii Ta 3amo0iraloTh IepeAdYacHidi KOHBEpreHHii 0 HEeONTHMAaIbHHX
pilIeHs.

Marepiaan Ta MeToam. Y il poOOTI KOCHIIKYETBCS METOZ BUIOYTBOPEHHS Ta Te, SIK BiH
JIOTIOMAra€e 3HAaXOJWTH PILIeHHS Ui 3aJaHuX 3aBlIaHb. Jus 1poro Oyyno NPOBENCHO Kilbka
JOCIHIIB, ¥ AKAX 3HAXOAWIOCH HalOLnplIe 3Ha4YeHHS (YHKLII Ha 33aHOMY NPOMIXKY. byio
MOPIBHIHO, SK BiAPI3HAIOTHCS PE3yJIbTATH ONTHMI3allil 3 Ta 0€3 3aCTOCYBaHHS BUIOYTBOPEHHS.
Jns  OWIHKKA  pI3HOMAaHITHOCTI  BHIOYTBOPEHHS IIOPIBHIOBAIUCH 3HAYEHHS CEPETHBOT
MIPUCTOCOBAHOCTI MOMYJIALIT Ta CTAHAAPTHOTO BiIXWJICHHS 3Ha4eHb 0coOMH momyJsmil. Takox
OyJI0 OIiHeHO, SK BHAOYTBOPEHHS JONOMAarae B 3ajadyax ONTHMi3alil 3 CcyOONTHMAalTbHHMH
PpIllICHHSIMHU, TOPIBHSBIIN CKiJTBKH YCIHIIIHUX PO3B’sI3KiB OyJO OTPHMAHO B €KCHEPUMEHTaX 3 Ta
0e3 BUJIOyTBOPEHHSI.

PesyabraTn. PesyiabTaTM MOKa3yloTh, [0 BHIOYTBOPEHHS 3abesneuye 30eperKeHHS
PI3HOMaHITHOCTI MOMYJIAMI{ Ta TOKpAIIye Pe3ylbTaTH ONTHUMI3alii HeyHIMoJanbHIX (QyHKIid. B
EKCIIEPHMEHTAX, JIe 3aCTOCOBYBAJIOCS BUAOYTBOPEHHS, MOIYJIALIS 30epirana pi3HOMaHITHOCTI, Ha
[0 BKa3ye OiNblle CTaHOapTHE BIOXWIEHHA y 3HAUCHHSAX 0cOoOMH momysdii. Lle mpussemo mo
30UIBIICHHS. KUIBKOCTI  YCHIIIHUX PO3B’SI3KIB  y 3ajadax i3 JIeKiUTbKOMa JIOKaIbHHMH
EKCTpeMyMaMH.

BucnoBkn. BunoyTBopeHHs epexkTHBHO 30epirac pi3HOMaHITHICTb MOMYJISILIT Ta JONOMAarae
YHUKHYTH THEpeIYacHOro 3rOpPTaHHS B I'EHETHYHHMX alropuTMax. lle mpu3BOAWTH 1O Kpammx
pe3ynbTaTiB onTuMizamii, 0coOIMBO B 3a/Javax i3 KUIbKOMa JIOKIBHUMH eKcTpemymamu. Lle
MiAKPECTIOE  BaXKIHMBICTE METOMIB 30€peXeHHS PpI3HOMAHITHOCTI TOMYJSLii, TaKuX SK
BUIOYTBOPEHHS, Y BUPIIICHHI HEOJIKIB TeHETHYHHIX aJTOPUTMIB, OCOOJIMBO B CKJIQJHUX 3a7adax
ONTUMI3aLl.
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