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A METHOD FOR CHOOSING A STRATEGY FOR THE BEHAVIOR
OF A CELLULAR AUTOMATON WHEN SOLVING THE PROBLEM
OF FINDING TARGETS BY A GROUP OF MOVING OBJECTS

Abstract. Currently, a large number of different mathematical models and methods aimed at solving problems of
multidimensional optimization and modeling of complex behavioral systems have been developed. One of the areas of
search for solutions is the search for solutions in conditions of incomplete information and the need to take into account
changing external factors. Often such problems are solved by the method of complete search. In some conditions, the
method of complete search can be significantly improved through the implementation and use of behavioral models of
natural formations. Examples of such formations can be group behavior of insects, birds, fish, various flocks, etc. The
idea of copying group activity of a shoal of fishes at the decision of problems of joint activity on extraction of food is
used in work. The reasoning based on the simulation of the behavior of such a natural object allowed to justify the
choice as a mathematical model - cellular automata. The paper examines the key features of such a model. Modeling of
his work is carried out, strategies of behavior of group of mobile objects at search of the purposes are developed, key
characteristics are investigated and the method of adaptive choice of strategy and change of rules of behavior taking into
account features of the solved problem is developed. The search strategy is implemented in the work, which takes into
account the need to solve the optimization problem on two parameters. The obtained results testify to the high
descriptive possibility of such an approach, the possibility of finding the optimal strategy for the behavior of the cellular
automaton and the formalization of the process of selecting the parameters of its operation. A further improvement of
this approach can be the implementation of simulation to study the properties of the developed model, the formation of

the optimal set of rules and parameters of the machine for the whole set of tasks.
Keywords: cellular automaton; path search; optimization problem; random search; model.

Introduction

Solving real problems using some Kkind of
mathematical apparatus often takes a lot of time to select
the optimal parameters. In addition, difficulties arise in
assessing the influence of various factors on the
effectiveness of solving each specific problem. In [16], an
approach to solving the problem of searching for targets
by a group of moving objects was proposed. It was based
on a mathematical model of a cellular automaton.
However, in [16], the issues of optimization of the
solution time and selection of the optimal parameters of
the cellular automaton operation for solving the problem
of finding targets were not investigated.

This makes a more detailed consideration of the
proposed model, the study of its properties and the
search for ways to improve to expand the range of tasks
to be solved, urgent. It is also important to formalize the
process of choosing a strategy for the behavior of a
cellular automaton when solving the problem of
searching for a group of moving objects.

Analysis of recent research and publications. A
significant amount of work has been devoted to the
study of the motion of objects and their interaction. The
author of [2] divides the existing methods of searching
for routes of moving objects into three classes: exact,
classical heuristic and metaheuristic methods.

Exact methods are of interest in the development
and testing of optimal algorithms. But to solve practical
problems are not used due to the rapid growth of
computational complexity with increasing dimension of
the problem.

Heuristic methods are to search in a relatively
limited space of solutions and ensure finding close to

optimal solutions in a reasonable time. Metaheuristic
methods are based on a careful study of the most
promising parts of the solution space [3] on some
grounds. However, they contain a large number of
parameters that must be configured for each specific
task [4]. Therefore, metaheuristic methods form the
basis of modern research in the field of approximate
methods of solution [2]. Metaheuristic methods based
on mechanisms found in wildlife are especially often
used to solve optimization problems, which include the
problem of finding routes. Such methods and models
are called bioalgorithms. Among them are cellular
automata, which due to natural parallelism, simplicity
and universality allow to model the behavior of various
systems, objects and phenomena of any nature [5].

The operation of the apparatus of cellular automata
is described in detail in [5, 7, 8]. Examples of their use to
solve optimization problems prove their effectiveness.
Thus, in the article [9] on the basis of cellular automata
the behavior of the crowd is modeled taking into account
the mental characteristics of pedestrians. In [10] a
cellular-automatic approach to modeling the behavior of
transport and pedestrians is described.

The search for optimal routes of movement using
the apparatus of cellular automata is also carried out in
the article [11]. However, this paper considers the
motion of objects in two-dimensional space for
homogeneous single objects. This does not allow their
use and requires refinement of the developed model. It
is necessary to take into account the limitations and
features of the tasks of forming a search in a given area.

Substantiation of the possibility of applying the
cellular-automatic approach to solving the problem of
the salesman is given in [5].
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In [13], an example of successful use of cellular
automata to solve the problem of finding routes for
moving cars from wholesale bases to outlets is given.
However, this approach can be applied only in the
presence of a road network and a clearly defined task of
a salesman for these conditions. This does not allow to
use such an approach to solving the problem of
determining the route of movement, for example, search
groups.

In [14], the use of routing algorithms for
determining the optimal routes of strike aircraft flights
is proposed. However, this approach is characterized by
high computational complexity and rough partition of
space with different properties.

The analysis shows the successful use of cellular
automata to solve the problem of finding objects in the
area. In [our article], a method for studying the behavior
of a group of moving objects using a cellular automaton
is proposed. However, the article does not consider its
characteristics, does not identify ways to optimize it and
possible sets of rules (strategies) of its behavior. This
requires further research.

The purpose of the article is to develop a method
for selecting a strategy for the behavior of the cellular
automaton in solving the problem of finding targets by a
group of moving objects.

Presenting main material

In continuation of the idea presented in [16], we
will consider as the initial model of a group of moving
objects - a shoal of fish with appropriate properties [15].

In works [11-13] for problems of the considered
class it is offered to use the cellular automaton on the
plane corresponding to the solved problem. Then, a two-
dimensional cellular automaton can be defined as a set
of finite automata on a plane with coordinates that can
be in one of the possible states [7, 8, 11, 13]:

b €5={0,1,23,..k}. @

At each step of the automaton changes the state of
the automaton in accordance with the rule:

6, (t+1) = $(6 1 O] e NG, })) , @

where N(i, j) - automaton environment (£, j ).
In this paper we use the definition of the

environment of the automaton as Moore's environment
[11]:

N (. J) = {k,[li-k| <1, [j-1]<1} . ©)

The number of possible transition rules is
determined by the number of possible states ¢ and the
number of neighbors under consideration m.
Theoretically, the number of such rules can be equal to

‘Pzeem. This allows you to build different sets of
rules for constructing different behavioral strategies of
the cellular automaton.

Analysis of formulas (2), (3) shows that with the
help of rules can be described quite complex cell
behavior. A large number of possible states can also be

considered. Consider the given formal descriptions in
practice.

Define a homogeneous two-dimensional grid with
coordinates on the plane (Fig. 2). This grid is usually
folded into a sphere, ie the "lower" edge of the grid
joins the "upper" and the "left" edge with the "right".
This convolution is usually used for ease of calculation
and to avoid the associated problems [8]. However, in
this example, it is proposed to use a limited lattice with
boundaries (an example is shown in Figure 1).

Given the rules of development of the cellular
automaton, we will use two types of automata for the
search task: search objects and search group (Fig. 3a
and 3b, respectively).

As a basis for finding the rules of behavior of the
cellular automaton, we use the strategy of joint
movement of the group to the goal.

We use the simplest model of behavior: the
machine moves to the goal - the object that is closest to
the group.

5

7

100

Fig. 1. Two-dimensional homogeneous grid for the operation
of the cellular automaton Source: developed by the authors
using the developed model

In Fig. 1, asterisks indicate objects - search targets,
and circles - the composition of a group of search
objects.

Based on the strategy of behavior "movement to
the nearest goal”, we can formulate the following rules
of behavior of the cellular automaton:

Strategy 1.

1. Search objects do not move. Objects are defined

by aset C={c,c,,....ck}, each object has coordinates
(X, Yj) -
2. The search team

Oz{q,oz,...,og},og (X, ¥j)

moves in unison, without changing its structure.

3. At each step of the cellular automaton, the
automaton of the search group changes its position.

4. All calculations are performed relative to the
center of gravity of the group, determined by the
formula:
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where (x;, ¥;) - the coordinates of cellular automata
belonging to the search group.

5. Search group machines can determine the
distance to targets relative to the center of gravity of the
group.

6. The search group machine moves to the nearest
object.

Using this strategy for the operation of the cellular
automaton, the following results were obtained (Fig. 2).

0 10 20 30 40 50 60 70 80 90 100

Fig. 2. The results of the cellular automaton operation
according to the strategy of movement to the nearest purpose.
Source: developed by the authors
using the developed model

Analysis of the results of the machine showed that
the machine coped with the specified work in 342 steps
of the machine.

However, this is not the only possible strategy for
the machine.

As the next strategy we will consider movement to
the most massive (important) purpose. In this case, it is
assumed that for each purpose is assigned a value of
mass or weight. This is a conditional concept and for a
practical task, this concept may have the necessary
meaning and semantic description, characteristic of the
task.

In this case, the system of rules will look like this.

Strategy 2.

Items 1-5 are equivalent to the strategy points of
the machine above.

6. The search engine has information about the
"importance" of the object.

7. The search engine moves to the most
"important" goal.

The implementation of this strategy allowed to
obtain the results shown in Fig. 3.

The machine allowed to get this result in
514 steps.

As you can see from Fig. 3, this machine finds
unsuccessful solutions. They implement an energy-
intensive path with a large number of re-visits to the
same areas.

0 10 20 30 40 50 60 70 80 90 10C

Fig. 3. The results of the cellular automaton operation
according to the strategy of movement towards
the most "important" purpose.

Source: developed by the authors
using the developed model

Then we can conclude that the use of such a
strategy is possible on a limited number of objects or in
the absence of other alternatives.

Consider the following strategy - mixed. It is based
on the idea of moving to the closest and “important”
object.

Formally, this machine can be set by such a system
of rules.

Strategy 3.

Rules 1-5 will be identical to the rules for the first
machine.

6. The function of significance of the object is
calculated, which connects the distance from the object
to the center of the search group and its mass.

Formally, this function can be set as follows:

Loy ) Mg
f(Cij,OCG)= 1—L— +—

max mmax

where LCij - distance from the target c;; to the center of

the search group Ocg ;
Lmax - the maximum distance from all targets
C={cy,cy,...cx} to the center of the search group

Oc :
me, - the "importance" of the target c;; ;

- maximum “importance" of targets

mmax

C= {cl,cz,...,ck} .
7. The machine moves to the target, which has the
maximum value of the function f(c;;,Ocg) .

This system of rules allowed to obtain the
following results of the machine (Fig. 4).

To the surprise of the authors, this machine has
completed its work in 555 steps. Analysis of the results
suggests that the end result is little different from the
machine, which took into account only the
"importance".
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Fig. 4. The results of the cellular automaton operation
according to the strategy of movement towards
the closest and "important” purpose.

Source: developed by the authors
using the developed model

The path seems less chaotic. However, the
machine often moved in the same areas many times.

Thus, this machine can not be applied to a large
number of purposes and has a limited scope.

Analysis of all the results shows that very often the
machines pass close to the target. But they do not visit it
because of certain behavioral strategies. Expanding the
"vision" of the machine does not significantly improve
the results.

However, field analysis showed that it would be
interesting to visit nearby objects in a limited area of
space and then move to the next area.

This approach can be a dynamic clustering of the
search space associated with the center of the search
group.

Under the cluster we mean the area of space
around the center of mass of the search group radius K.

Then it is possible to imagine a model of this
machine with such a set of rules.

Strategy 4.

Rules 1-5, as in other machines.

6. Define objects that fall into the cluster of radius
R,

7. The function of significance of the object is
calculated, which connects the distance to the object to
the center of the search group and its mass.

8. The machine moves to the target, which has the
maximum value of the function f (c;j,Ocg) .

9. If there are no targets in the cluster, there is a
movement to the next cluster.

Then we obtain the following results of this
machine (Fig. 5).

This result was obtained for R=25. The number
of implemented steps of the machine was 355. This
number of steps can be compared with the machine in
Fig. 1.

However, instead of one parameter - range, it takes
into account 2 interrelated parameters - distance and
"importance".
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Fig. 5. The results of the cellular automaton operation
according to the strategy of movement to the closest
and "important" purpose in the cluster.
Source: developed by the authors
using the developed model

Fig. 6 shows the machine with R=50. The
number of implementation steps was 355.

0 10 20 30 40 50 60 70 80 90 100

Fig. 6. The results of the cellular

automaton operation on clusters.

Source: developed by the authors
using the developed model

As a result of setting the parameters of the

machine, namely the change and selection of values R.
It was possible to reduce the number of steps of the
machine to 338. At the same time R=20. The results
of the machine are presented in Fig. 7.

The results obtained are almost identical to those
shown in Fig. 1. However, formally the number of
steps of the machine was 342 in the first case and 338
in the latter. The optimization was carried out on two
components - "importance™ and distance.

The obtained results indicate the prospects of this
area of research and the great potential. However, the
question of the method of selecting a cellular
automaton that implements a certain strategy remains
unresolved. Studies of the properties of the developed
cellular automaton indicate the need for large-scale
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statistical modeling of this automaton. Its purpose is
an unambiguous choice of parameters of its work.
However, the impact on the results of the number of
goals, their characteristics, search tasks, time and
resource constraints.

100

Based on these considerations, we can propose an
adaptive method for selecting parameters and
behavioral strategies of the cellular automaton in
solving the problem of finding targets by a group of
moving objects, shown in Fig. 8.

0 10 20 30 40

50 60

80 90 100

Fig. 7. Results of the cellular automaton operation on clusters with optimal parameters.

Source: developed by the authors using the developed model
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Fig. 8. The structure of the parameter selection method and the proceeding strategy
of the cellular automaton when solving the problem of finding purpose by a group of moving objects
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This approach will allow you to develop a decision
support system for the management of a group of
moving objects.

It is adaptable both to external conditions and to
features of the solved tasks. It can also be used to obtain
results and evaluate a wide range of possible
alternatives.

Conclusions. Studies of the cellular automaton for
finding targets by a group of moving objects suggest
that this problem can be successfully solved. The use of
a cellular automaton allows you to implement a wide
range of search strategies.

Modeling of the machine showed that additional
research is needed on the selection of operating
parameters and rules for changing the state of objects. In

the future it is necessary to simulate his work. Its
purpose is to identify patterns of formation of the
parameters of the machine and adjust the rules of its
operation to increase the speed and accuracy of the task.
Similarly, in the future it is necessary to take into
account the resource of the search group to move and
take into account the dynamic change in the
characteristics of the goals.

The results of modeling the operation of the
cellular automaton and
evaluation of the dynamic
characteristics of the work can
be studied by following the link
provided in the form of a QR-
code.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Pozhidaev, M.S. (2010), Algorithms for solving the problem of transport routing [Algoritmy resheniya zadachi transportnoy
marshrutizatsii], dissertation, Tomsk: Tomsk State University, 2010, 136 p., available at :

https://marigostra.ru/materials/thesis.pdf.

Slastnikov, S.A. (2014). “Application of metaheuristic algorithms for the transport routing problem [Primeneniye
metaevristicheskikh algoritmov dlya zadachi transportnoy marshrutizatsii]”, Economics and Mathematical Methods, Vol. 1,
pp. 117-126.

Matsyuk, N.O. (2013), “Features of solving the problem of a salesman for wholesalers [Osoblyvosti rozv"yazannya zadachi
komivoyazhera dlya pidpryyemstv hurtovoyi torhivli]”, Bulletin of the KhNU, Vol. 5, pp. 95-100.

Bjarnadottir, A.S. (2004), Solving the Vehicle Routing Problem with Genetic / Aslaug Soley Bjarnadottir, Technical
University of Denmark, 127 p.

Li, Yang, (2019), A review of cellular automata models for crowd evacuation. Physica A: Statistical Mechanics and its
Applications, 526 p.

Aladiev, V.Z. (2009), Classic homogeneous structures. Cellular automata [Klassicheskiye odnorodnyye struktury.
Kletochnyye avtomaty], Publishing house Fultus Books, 535 p.

Bandman, O.L. (2005), “Cellular-automatic models of spatial dynamics [Kletochno-avtomatnyye modeli prostranstvennoy
dinamiki]”, System informatics, Vol. 10, pp. 57-113.

Toffoli, T. and Margolus, N. (1991), Cellular automata machines, 280 p..

Makarenko, O.S. (2010), ,,Modeling the movement of pedestrians on the basis of cellular automata [Modelyuvannya rukhu
pishokhodiv na osnovi klitynnykh avtomativ]”, System research and information technologies, Vol. 1, pp. 100-109.

Babaei, Abdorreza, Homayun, Motameni, and Rasul, Enayatifa (2020), “A new permutation-diffusion-based image
encryption technique using cellular automata and DNA sequence”, Optik, 203: 164000.

Pavlenko, M.A. (2014), “Method of solving the problem of laying routes when controlling the movement of an air object
[Metod reshenyya zadachy prokladky marshrutov pry upravlenyy dvyzhenyem vozdushnoho ob”ekta]”, Information
processing systems, Vol. 5, pp. 87-90.

Matsyuk, N.O. (2016), “Solving the routing problem using a modified ant-cell-automatic algorithm [Rozv"yazannya zadachi
marshrutyzatsiyi z vykorystannyam modyfikovanoho murashyno-klitynno-avtomatnoho alhorytmu]”, Visnyk ekonomichnoi
nauki Ukrainy, Vol. 1, pp. 49-54.

Zhykharevych, V.V. (2016), “Cellular-automatic approach to solving the problem of routing wholesale trade enterprises
taking into account the transport infrastructure of the region [Klitynno-avtomatnyy pidkhid do rozv"yazannya zadachi
marshrutyzatsiyi optovykh torhovel'nykh pidpry-yemstv iz urakhuvannyam transportnoyi infrastruktury rehionu]”, Visnyk
ekonomichnoi nauki Ukrainy, Vol. 2, pp. 69-73.

Khmelevskiy, S., Pavlenko, and Petrov, O. (2020), “Information analysis method about current situations in ACS of special
operations”, Advanced Information Systems, Vol. 4, No. 1, pp. 103-106, DOI: https://doi.org/10.20998/2522-9052.2020.1.15
Burova, E.M. (2020), “Heuristic algorithm for finding shoals of fish [Evristicheskiy algoritm poiska kosyakov ryb]”,
Electronic Scientific Journal, Vol. 1, pp.18-21.

Pavlenko, M.A. (2021), “Method of studying the behavior of groups of mobile objects using cellular automatic machines
[Metod vyvchennya povedinky hrup mobil'nykh ob”yektiv za dopomohoyu klitynnykh avtomativ]”, Armament systems and
military equipment, Vol. 3, pp. 92-98.

Received (Hanitina) 10.09.2021
Accepted for publication (ITpuiiasita 10 apyky) 17.11.2021

BIZOMOCTI PO ABTOPIB / ABOUT THE AUTHORS

Yucros Banepiii IropoBuu — an'ronkr, XapkiBcbkuil HamioHansHuH yHiBepeuTeT [loBiTpsiaux Cun imeHi IBana Koxxenyo6a,
XapkiB, YkpaiHa;

47



Advanced Information Systems. 2021. Vol. 5, No. 4 ISSN 2522-9052

Valerii Chystov — adjunct, Ivan Kozhedub Kharkiv National University of Air Force, Kharkiv, Ukraine;
e-mail: valera.chistov43@gmail.com; ORCID ID: https://orcid.org/0000-0002-4401-3773.

3axapuenko Ipnna BikTopiBHa — KaHIMAAT TEXHIYHNX HayK, XapKiBChKUH HarioHaNbHUH yHiBepcuteT [loBiTpssanx Cui iMeHi
IBana Koxenyba, XapkiB, Ykpaina;
Iryna Zakharchenko — Candidate of Technical Sciences, Ivan Kozhedub Kharkiv National University of Air Force,
Kharkiv, Ukraine;
e-mail: zaharchenko.irina@gmail.com; ORCID ID: https://orcid.org/0000-0002-8534-1888.

IMaBaenko BragucnaBa MakcnMmiBHA — CTyeHTKa, XapKiBChKUH HarlioHanpHUH yHiBepcuTeT iMeHi B.H. Kapasina, Xapkis,
VYkpaiHa;

Vladislava Pavlenko — student, V. M. Karazin Kharkiv National University, Kharkiv, Ukraine;

e-mail: vladislava.pavlenko@gmail.com; ORCID ID: https://orcid.org/0000-0003-0976-0252.

IMaBaenko MakcuM AHATONIHOBHY — JOKTOpP TEXHIYHMX HayK, INpodecop, HAaYAIBHUK Kadenpd MaTeMaTHYHOTO Ta
nporpamHoro 3abesnedeHns ACY, XapkiBcbkuil HamioHansHUH yHiBepcenuTeT [loBiTpssaux Cun, XapkiB, YkpaiHa;
Maksim Pavlenko — Doctor of technical sciences, Professor, Chair of mathematical and software ACS department, Ivan
Kozhedub Kharkiv National Air Force University, Kharkiv, Ukraine;
e-mail: bpgpma@ukr.net; ORCID ID: https://orcid.org/0000-0003-3216-1864.

Merton BbIOOpa cTpaTeruu MNOBeIeHUs] KJIeTOYHOr0 aBTOMAaTAa
NPH pellleHUH 321241 NOMCKA IPyNIoil NOABM:KHBIX 00HEKTOB

B. U. Yucros, U. B. 3axapuenko, B. M. [1aBnenko, M. A. [TaBienko

AnHoTanmmus. B Hacrosmee Bpemst pa3paboTaHO OOJBIIOE KOJIMYECTBO PA3IMYHBIX MAaTEMaTHYECKHX MO Jeneil u
METOJIOB HAIIPAaBJICHHBIX Ha pEIIeHHE 3agad MHOTOMEPHOW ONTHMH3AIMH M MOJEIMPOBAHUS CIIOKHBIX IOBEICHYECKHX
cucteM. OHUM W3 HANpaBICHUH MOUCKA PEHICHUH ABISAETCS MOMCK PEIICHHH B YCIOBHUSAX HEMOJIHOTH HMH(OpMAIuH U
HEeO0OXOAMMOCTH ydeTa H3MEHSIOMHMXCA BHEIIHHX (PakTopoB. 3a4acTyi0 TakHe 3aaddl PEHIaloTCs METOJOM IIOJHOTO
nepebopa. B HEKOTOPHIX yCIOBHAX METOA IOJHOTO Tepebopa MOXKET OBITh CYIIECTBEHHO YCOBEPIICHCTBOBAH 3a CUET
peanu3aluud W HCIOJNB30BAHUS MOBEACHUYECKHX MOJENeH MpHUPOAHBIX oOpasoBaHuil. IlpuMepamu Takux oOpa3zoBaHUU
MOTYT OBITH TPYNIIOBOE MOBEIEHHE HAaCEKOMBIX, NTHI, PBIO, pa3iuyHBIX cTail u 1np. B paboTe mcmosib3oBaHa wuuest
KOIIMPOBAHMS TPYIIIOBOH IEATEIPHOCTH KOCSKa PBIO NPH pPEHNIeHWH 3aJad COBMECTHOW IESTeIBbHOCTH II0 J00bIue
nponutanus. [1onoXeHHbIE B OCHOBY PAacCyXICHHH O MMHTALUU HOBEJCHHS TAKOTO HMPHPOTHOTO OOBEKTa IMO3BOJHIIO
000CHOBaTh BHIOOp B KauecTBe MaTEeMAaTHYECKOH MOJENN — KJIETOYHBIe aBTOMaThl. B paboTe McciienoBaHBI KIIOYEBEHIC
ocoOeHHOCTH pabOTHl TakoW Mopenu. [IpoBeIeHO MOAENUPOBAHHS €ro padoThHl, pa3pabOTaHBI CTPATETUU TOBEICHUS
TPYNIBI TOJBIDKHBIX OOBEKTOB INPH MOUCKE IeNeH, MCCIEIOBaHBl KIIOYEBBIE XaPAaKTEPUCTHKH M pPa3pabOTaH METOJ
aZalITHBHOTO BHIOOpA CTpAaTeTHH W M3MEHEHHMS MPABHI ITOBEAEHUS C y4eTOM OocoOeHHOCTeH pemaemoit 3amaun. B pabote
peann3oBaHa CTpaTerust MOMCKAa, KOTOpas YYUTHIBAET HEOOXOJMMOCTh DEHICHHS ONTHMH3AIMOHHON 3aJaddl MO IBYM
napaMmerpaM. IloxydeHHBIE Pe3yIbTAaTHl CBHIACTENBCTBYIOT O BBICOKOI ONMHCATEIbHON BO3MOXKHOCTH TaKOTO IOAXOJa,
BO3MOJKHOCTH HAaxOXJEHHs ONTHMAIbHOH CTpAaTernu IOBEACHHUs KJIETOYHOrO aBTOMaTa M (opMaau3aluu mpolecca
moxbopa mapaMeTpoB ero paboThl. JladbHEWIIMM COBEPIICHCTBOBAHHEM TaKOTO MOJXOAa MOXET OBITh NpOBEJCHHE
HMHUTAIMOHHOTO MOJICIMPOBaHUs Ul WCCIEJI0BaHUS CBOWCTB pa3paboTaHHOW Mozend, (GOpPMHUPOBAHHS ONTHUMAIBLHOTO
Habopa mpaBuI pabOTHI M MapaMeTPOB aBTOMATa [l BCEr0 MHOXKECTBA PEIIaeMBbIX 3a/1a4.

KnmoueBble CJa0Ba: KICTOYHBIN aBTOMAT, MOUCK MYTH, 3aJaHUs ONTUMHU3ALIH, CJ'Iy'-IafIHLIfI TMOUCK, MOJICJIb.

Metoa BuGopy crpaTerii noBeAiHKH KJIITHHHOI0 aBTOMAaTA
NpH pillleHHI 3aBJaHHS NOLIYKY IPYIOI0 PYXOBHX 00'€KTiB

B. I. Yucros, 1. B. 3axapuenko, B. M. I1aBnenko, M. A. [1aBnenko

AHoTtaunisi. Ha paHmii dyac po3poOJICHO BeNHWKY KIUIBKICTh PI3HUX MAaTEMAaTHYHHX MoJeneil 1 MeToxiB
CHpPSMOBAHMX Ha BUPILICHHS 3aBJaHb 0araTOBHMIpHOT ONTHMi3alil Ta MOJENIOBAHHS CKJIQAHUX MOBEIIHKOBUX CHCTEM.
OnHUM 3 HamNpSMKiB IOIIYKy pIilIeHb € MOIIyK pilleHb B yMOBaX HEMOBHOTH iHpopmamii i HeoOXimHOCTI 06Ky
3MiHHUX 30BHIiIIHIX (akTopiB. HaliuacTime Taki 3aBIaHHs BUPILIYIOTHCS HUIIXOM MOBHOTO mepedopy. YV AeIKuX yMoBax
METOJl IOBHOTO Hepebopy Moxke OyTH iCTOTHO BIOCKOHAJEHHH 3a paxyHOK peaiizauii Ta BUKOPUCTAHHS MOBEIIHKOBHUX
Mojeseil NpUpOJHUX YTBOPEHb. [IpuKiIagaMu TakuX YTBOPEHb MOXe OyTH IpyHoBe MOBeIiHKa KoMmax, NTaxiB, puo,
pi3HUX 3rpail Tomo. Y pobOTi BUKOPHCTaHa i/1es KOMIIOBaHHS IPYMOBOI AisSIBHOCTI KOCSIKa pUO MpU BUPILICHH] 3aBAaHb
CIUTBHOI MisUTPHOCTI 3 TMOMIYyKYy XapdyBaHHA. [lokiageHHS 3a OCHOBY MIipKyBaHHS IIPO IMITaImil0 TMOBEIIHKH TaKOTO
MIPUPOTHOTO 00'€KTa HO3BOIMIO OOTPYHTYBAaTH BHOIp B SIKOCTI MaTeMaTHYHOI MOJEN — KIITHHHI aBTOMaTH. Y poboTi
JIOCTII)KEHO KIIOYOBI 0COONMBOCTI poOoTu Takoi Moxem. [IpoBegeHo MozenroBaHHS HOTo poOOTH, po3pobIeHO
cTparerii TMOBEOIHKH TPYNH PYXOMHX OO'€KTIB MpH MONIYKY WiJIeH, MOCHIIKEHO KIIOYOBI XapaKTEPHUCTHUKH Ta
po3pobiieHO METON aJanTHBHOTO BHOOPY cTpaTerii Ta 3MiHM MNpaBWJ IMOBENIHKM 3 ypaxyBaHHIM OCOOJIUBOCTEH
po3B's3yBaHOTO 3aBAaHHSA. Y poOOTI peani3oBaHO CTpaTeriro MOIIYKY, sKa BpaxoBye HEOOXiIHICTh BHPIIICHHS
onTuMizaniiiHOl 3axa4i 3a aBoma mapamerpamu. OTpUMaHi pe3yJNbTaTH CBiAYaTh NPO BHCOKY OMHCOBY MOXIIHUBICTbH
TaKOTro MiJAXO1Y, MOXIJIHMBICTh 3HAXO/PKCHHS ONTHMAJIbHOT CTpaTerii MmoBeJiHKH KIITHHHOTO aBTOoMara Ta dopmanizamii
mnporecy migbopy mapamerpiB Horo po6otu. IToganpliuM yAOCKOHAJEHHSIM TAaKOTO MigXOAy MoOXe OYTH NpOBEICHHS
IMITa[iHHOT'0 MOJICIIOBAHHS JJIsL IOCIIKECHHS BIACTHBOCTEH po3po0IieHoT Moieli, JOopMyBaHHS ONTUMAaIBLHOTO HabOpy
npaBwI poOOTH 1 mapaMeTpiB aBToMaTa A Oe31ivi po3B'sI3yBaHHUX 3aB/IaHb.
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