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DEVELOPMENT OF A DECISION SUPPORT SYSTEM USING
ARTIFICIAL NEURAL NETWORK AND GENETIC ALGORITHM

Abstract. Relevance. Nowadays artificial intelligence technologies are developing rapidly making it possible to automate
the most routine component of data processing. Al is based on the computing architecture of a neural network which applies
modeling of biological processes that occur in human brains. To improve the structure of neural network for a decision support
system and determine its key parameters, such as the number of inputs, the quantity of layers and neurons within each of them,
and choosing a training method, this study suggests to use evolutionary methods. The purpose of this research is to investigate
the principle of operation of an artificial neural network, whose parameters and structure are determined using genetic algorithm,
and to design a decision support system on the basis of the developed model. Research results. Taking into consideration that
genetic algorithms software implementation requires a good random number generator and that the basis for the correct
functioning of a neural network is the training sample that describes the presented task, it was decided to use the source database
of learning materials which can provide parameter values for this purpose. Along with databases, important parts of the developed
system are new phenotypes generation block, the block for evaluating them and the neural network training block. The process
of a neural network training is preceded by determining a set of training samples and adding noise to them, since the output
signals of a well-trained neural network should be insensitive to variations of input values within certain acceptable limits in
order to implement monotonic data display. The main criterion when choosing the optimal network architecture is its ability to
generalize different types of tasks. Conclusions. Defining parameters of artificial neural network using genetic algorithm allows
to simplify the design of its structure and to develop a decision support system on its basis. Experimental results prove that after
the training phase is complete the processed data is divided into clusters that correspond to either solution.
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Introduction

Rapid advancement of artificial intelligence
technologies in recent years has fundamentally changed
the approach to many types of activities. Al tools make it
possible to automate the most routine component of digital
tasks and data processing. Al is based on the computing
architecture of a neural network which applies modeling
of biological processes that occur in the brains of humans
and animals. Such a network, created within a computer
program, is capable of self-learning, performing specific
tasks, correcting errors, etc. The concept of an artificial
neural network was originally proposed by American
scientists Warren McCulloch and Walter Pitts in 1943.
Their model of the complex neural connections of the
human brain represented a network of vacuum tubes. Over
the years expanding technological capabilities of computer
engineering led to the creation of more complex
mathematical algorithms based on machine learning. It
was a new approach to solving decision-making problems
as well as modeling, identification and signal processing.
Today problems of classification and image recognition,
forecasting and control of dynamic processes are solved
using Al. To improve the structure of neural network and
determine its key parameters, such as the number of inputs,
the quantity of layers and neurons within each of them,
choosing a training method, etc., this study suggests to use
evolutionary methods, specifically the genetic algorithm.

Review of Recent Studies and Publications. Over
the past few years research focus has shifted from a
simple increase of the number of artificial neural network
layers towards understanding their scalability, security
and logical capabilities. Scaling laws investigation [1]
has become a major scientific breakthrough and proved
that model performance is a function of both number of

parameters and training data size. A designed compute-
optimal model named Chinchilla dramatically improved
efficiency of the training process and allowed to predict
its performance beforehand. It revealed that most of
neural network models had been undertrained earlier,
setting a new standard for large models training.

The study of large language models, presented by
OpenAl company [2], proposed to configure neural
network models using approach of reinforcement
learning from human feedback. Therefore, models
upgraded significantly giving more useful, safer and
better response to following complex user instructions,
which became the basis for all modern chatbots including
ChatGPT and Claude.

An attempt of adapting neural networks to solve
difficult tasks was made in paper [3] on the basis of
Chain-of-Thought. It enables models to solve multi-step
logic, mathematics and coding problems due to
intermediate reasoning steps generated before the final
answer is found.

Creating photorealistic images using artificial
neural network received a boost in the study [4]. It is
focused on diffusion models that enable to remove noise
gradually from a random set of information, particularly
visual data. A step towards Artificial General Intelligence
was made in paper [5], where single neural network
architecture is used to handle various inputs/outputs
variables (text, images, control signals). As a result, it can
perform hundreds of different tasks and reduces the need
for maintaining specialized models.

Massive increase in capacity of a neural network
with only a fractional increase in computational cost was
presented in [6], which allowed to create huge network
models. Instead of activating the entire network, the
developed model routes queries to specific sub-networks.
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Authors of [7] carried out training to perform an
internal "thought process"” of neural network before its
responding. This approach improves performance on
complex reasoning tasks and makes it possible for the
model to correct itself.

Therefore, the improvement of neural network
architectures and data processing models based on them
became a foundation for today's significant progress of
artificial intelligence technologies.

The purpose of this research is to investigate the
principle of operation of an artificial neural network,
whose parameters and structure are determined using
genetic algorithm, and to design a decision support
system on the basis of the developed model.

Main part

Artificial neural network consists of the elements
called neurons which have the similar structure and
summarize received signals. If the total sum exceeds
threshold level, an output signal is produced, otherwise
neuron does not respond to input signals. Therefore,
transfer function of the neuron can be expressed as:

0, for Zi % <7
1, for Zixi >y,

where X; — input signals of the neuron; » — threshold

value. Hence, output of a binary neuron is determined
according to the equation:

F = fi (2 w7, 0

where w; — input weights. Fig. 1 descibes operating
principle of binary neurons with n inputs and one output.

@

ftr =

Input weight

Fig. 1. Model of a binary neuron with n inputs and one output

At the beginning of the learning process neurons
have equal or randomly distributed weights of input
contacts with a summator. To resolve more complicated
problems, several neurons can be combined into neural
network. Learning of an artificial neural network means
that identified data in the form of combination of signals x;
come to the input of the system. Each of the signals is
binary and can take one out of two values — either 0 or 1.
Reference signal Fo is given to the output of a neuron. It
defines what should appear at the output of trained neuron.
In the case neuron returns the signal different from
reference one, the process of machine learning begins.

Nowadays, there are a large number of neural network
architectures and methods for training them. Combination
of a multilayer perceptron and a backpropagation algorithm
is one of the most widespread approaches. This technique is
based on gradient estimation, and its disadvantages are the
significant time required for calculations and the fact that it
is not always possible to obtain accurate results. Another
way to train neural networks is using probabilistic methods,

in particular the principle of stochastic modeling.
Metropolis-Hastings algorithm, simulated annealing, Gibbs
sampling can be distinguished among them. Stochastic
neural network learning procedure is developed in Bayesian
networks, restricted Boltzmann machine, Helmholtz
machine, deep belief network. A separate class of neural
network training strategies is the search for the weight of
synaptic connections and the network structure organization
which can be performed using genetic algorithms.

First of all, it is necessary to note that genetic
algorithms software implementation requires a good
random number generator, since this approach is largely
determined by probabilistic selection. Besides, the basis
for the correct functioning of a neural network is the
training sample that describes the presented task. A
standard version of the source database of learning
materials can provide parameter values for this purpose.
Architecture of decision support system that uses a
genetic algorithm to find the best neural network
structure for the problem being solved is shown in Fig. 2.
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Fig. 2. Decision support system architecture
based on genetic algorithm and neural network

Presented system implies the use of databases in its
topology, which are mostly dedicated to store necessary
data about the results of previous successful and
unsuccessful decisions. Therefore, the time required to
determine an appropriate neural network structure during
further operation of the algorithm can be reduced. The
database also stores protocols of all neural network
parameters search results and the solutions of previous
tasks. Along with databases, important parts of the
developed system are new phenotypes generation block,
the block for evaluating them and the neural network
training block. In addition to direct testing of the new
population, the evaluation block also uses a specific
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algorithm to determine individuals for the next generation.
Selection can be implemented using the roulette wheel or
the tournament principle [8]. This subsystem should be
independent of other blocks of the considered topology.
New phenotypes generation block operates both at the
stage of forming the initial set of possible solutions and for
further obtaining subsequent populations. Applying
databases in the presented scheme allows to determine
starting position during phenotypes generating, so that the
final solution of the problem can be discovered faster [9].
Meanwhile the random nature of the required parameters
search using genetic algorithm remains unchanged.
Neural network training process takes place in a
separate subsystem — the neural network training block,
which receives a common chromosome with parameters
for the network designer and recommendations for the
training process from the database according to the
previous runs. These recommendations contain
information about the method and speed of learning, its
sequence, etc., and at the output of the subsystem matrices
of synaptic connection weight values are determined. The
objective function of the problem of determining a neural
network structure can be considered the formula that
evaluates the quality of neural network training:

m( k . .
Q- E(E‘H] —FOiJ‘/(k-m)],, (3)

where F — real output value; Fo — required output value;
m — number of examples in the validation selection; k —
number of neural network outputs.

The dynamic architecture of a neural network
assumes that neuron layers are consistently generated until
the given level of accuracy is achieved. The final decision
on which network scheme to choose is made only after a
full study of different possible types of its structure. It is
followed with reducing error in solving the problem to an
admitted value. The process of a neural network training is
preceded by determining a set of training samples and
adding noise to them, since the output signals of a well-
trained neural network should be insensitive to variations
of input values within certain acceptable limits in order to
implement monotonic data display. The main criterion
when choosing the optimal network architecture is its
ability to generalize different types of tasks.

To develop a decision support system on the basis of
neural network, it is necessary to identify a specific set of
outcomes regarding certain decision and solve the
clustering problem. Unlike classification, which involves
distribution of input space vectors between several classes
defined by the user, clustering performs research of the
input set of vectors in order to identify and divide them
among several groups according to characteristics that
determine proximity between the elements of the set.
Clustering is carried out automatically, clusters are not set
by the initial conditions of the problem, they are formed
assuming similarity of feature vectors. The features of the
studied objects should be encoded in numeric form and
normed using an appropriate algorithm.  After
preprocessing, N-dimensional feature space is obtained
including grouped vectors. The dimensionality of the
space N depends on the number of parameters that

determine each decision. During the neural network
training, the number of feature vectors of the training
sample must be greater than the specified number of
clusters C, and when the number of vectors exceeds the
N - C product, the clustering process provides satisfactory
result. In case of linear cluster discreteness, received
clusters of inputs can be separated with lines (for N = 2) or
planes (for N =3). If they are separated with a line or a
surface of more complex shape, there is a nonlinear cluster
discreteness. If the clusters overlap, there is probabilistic
discreteness, which means that a feature vector can be
attributed to one or another cluster with a certain
probability. Since most of the neural network architectures
are unusable for solving problems with probabilistic
discreteness, the problem is restricted to condition that
decision support system is based on clusters which are
linearly separable or nonlinearly separable, or can be
reduced to them due to data preprocessing.

Neural network simulation was carried out via Deep
Learning Toolbox application, which is part of the
Matlab software package. The result of the neural
network operation is presented as a graph in two-
dimensional space of input features (Fig. 3).

Fig. 3. Visualization for clustering using trained network

For a three-dimensional space of parameters, the
graphic image is also three-dimensional, and for higher
dimensional vectors, it is practically impossible to
visualize the results. In this case, the multidimensional
feature space can be reduced to a space of lower
dimension using reflection.

Conclusions
Nowadays neural networks are no longer
constrained and insufficient methods for solving
complex, highly specialized problems. Featuring

artificial intelligence advancement, they have become
widespread in common applications for data
organization, time reduction and decision making.
Development of a decision support system on the basis
of artificial neural network is carried out using
evolutionary methods to create its structure. Parameters
of the neural network are determined proceeding from the
genetic algorithm results. Such an approach simplifies
neural network design and allows to carry out cluster
analysis of data sets. Experimental results prove that after
the training phase is complete the processed data is
divided into clusters that correspond to either solution.
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Po3po0ka cucteMu NIATPUMKH NPUIAHATTS pilleHb
3a J0MOMOT0I0 IITY4YHOI HelPOHHOI Mepexki Ta FTeHeTHYHOr0 AJTOPUTMY

O. B. Pubax

AHoTaunisi. AKTyaJbHicTb. Ha chOTOIHIIIHIN T€HP TEXHONOTIT INTYYHOTO 1HTEIEKTY 3a3HaNN OypXIMBOTO PO3BUTKY, L0
JIa€ MOJKJIMBICTb aBTOMATH3YBaTH PYyTHHHY YacTHHY 00poOku nanux. L1 3acHoBaHMi Ha 00UHCITIOBATBHIH apXiTeKTYpl HEHPOHHOL
MepeKi, sSika 3aCTOCOBY€E MOJICITIOBAHHS O10JIOTIYHUX MPOLECIB, L0 BiI0YBAIOTHCS B JIFOJCHKOMY MO3KY. 3 METOIO BIOCKOHAJICHHS
CTPYKTYpU HEHpPOHHOT Mepexi M CHCTeMH MiATPHUMKH HPHUHSTTS pilleHb Ta BUOOpY ii KIIOYOBHX MapaMeTpiB, 30Kpema
BH3HAYCHHS YMCJIa BXOJIB, KIJIBKOCTI IIApiB Ta HEWPOHIB y KOXKHOMY 3 HUX, METOJIYy HaBYaHHS TOIIO y JAQHOMY JOCIIKEHHI
HPOIIOHYEThCS BUKOPHCTOBYBATH €BOMIOLINHHI MeToau. MeTor CcTaTTi € JOCIIPKeHHS NMPUHIUIY (YHKIIOHYBaHHS IITYYHOT
HEHPOHHOI Mepexi, MapaMeTpH i CTPYKTypa SIKOi BU3HAYAIOTHCS 3a JOMOMOTOK TeHETHYHOTO AlTOPUTMY, i po3poOKa CHCTEeMHU
MIATPUMKA TIPHAHSTTS PIillIeHb HA OCHOBI cTBOpeHoi Mojeni. Pesyabratm mocaimkeHHs. BpaxoByrouu Te, MO TeHETHYHI
aNrOpUTMH 0araTo B 4OMY CIIUPAIOTHCS HA WMOBIPHICHUH BHOIp, MpH IXHIN mporpaMHii peanizaiii HeoOXiTHO BUKOPHCTOBYBATH
SIKICHU T'eHepaTop BUMAIKOBHX Yncell. TakoK OCHOBOIO IPAaBHILHOTO (DYHKI[IOHYBaHHS HEHPOHHOI MepeKi € HaBualbHa BUGIpKa,
110 OMHKCYE MPECTABICHY 3a/1auy, BiATaK I 30epiraHHs 3HaUeHb MapaMeTpiB 3aCTOCOBYEThCA 0asa manux. Okpim 6a3 maHuX,
B)XJIMBOIO YaCTHHOIO PO3POOJICHOT CHCTEMH € OJIOK TeHepallil HOBUX 0COOWH, OJIOK iXHBOT OIIHKK i OJOK HaBYaHHS HEPOHHOT
Mepexi. [Iporiecy HaB4aHHsI HEHPOHHOT MepeXKi Mepelye BU3HAYCHHs HaOOpy HaBYaJbHUX BHOIPOK Ta JOAABAHHS 1O HUX LIyMY,
OCKIIbKM BUXIJTHI CHTHamM 100pe HaBuYeHOT HEHPOHHOT MepeXi MOBHHHI OyTH HEYYTIMBUMH 10 Bapialiil BXiHHX BEIMYHH, 10
3HAXOMAThCS Y MEBHHUX JIOMYCTUMUX MEXKax, 3aJUIs1 peajizallii MOHOTOHHOTO BifoOpakeHHs JaHUX. ['OJIOBHUM KpHTEpiEM HpH
BHOOPI ONTHMAITFHOT apXiTEKTypH HEHPOHHOT MEPEKi BUSBILETHCS 11 3IATHICTB JI0 y3arajJbHEHHS Pi3HUX THITIB 3a/1a4. BUCHOBKH.
BusHaueHHs1 mapaMeTpiB IITyYHOI HEHPOHHOI MEpexi 3a JONOMOIOK TeHETHYHOrO alrOPUTMY JO3BOJISE CIIPOCTUTHU MPOLEC
MPOEKTYBAHHS 1 CTPYKTYPH, a TaKOX pO3pOOUTH Ha ii OCHOBI CHCTEMY HIATPUMKH TPUHHATTSA pilleHb. EkcriepuMeHTanbHi
pe3yabTaTH JOBOJSTH, IO MICHIsA 3aBEPIICHHS CTaly HaBYaHHS Mepeki oOpoOSieHI MaHi MOMIIAIOTHCS Ha KJIACTEPH, SKi
CIIBBIAHOCSTHCS 3 THM YH iHIIMM BapiaHTOM BHPIIICHHS 3a1adi.

Kaw4oBi cioBa: mryyHa HeHpoHHa Meperka; CHCTEMA I JTPUMKH IPUHHATTS PIlICHb; TEHETHIHUH alNrOpUTM; IITYIHHI
IHTEJIEKT; KJIaCTePH3allis; CBOJIOIIITHI METOIH.
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