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CONTROLLING BOTS’ BEHAVIOR IN RPG GAMES
USING THE IMMUNE MODEL OF CLONAL SELECTION

The development of game character control models that use artificial intelligence methods is extremely important.
The issues of creating intelligent game bots that allow simulating the behavior of players in an RPG (Role-Playing
Game) are considered. With the help of the game design created of the project, a futuristic world is simulated in which
the player controls spaceships that compete with other similar spaceships. Various options for attacking or restoring
ships are used according to the completed description of their capabilities, where the main attention is focused on the
features of their action. The game provides for the implementation of several factions, which allow you to create different
types of spaceships and give them specific properties. Each ship from the user’s team, as well as from the enemy's
team, can have different ranks, which significantly impact both the parameters and the cost of this ship. The game
application uses the theory of artificial immune systems (A1S) for effective control of game bots, namely the immune model
of clonal selection. For this purpose, a modified immune model of clonal selection, Clonalg-rpg, is proposed, in which
the antibodies of the system are bots, and the antigens foreign to the system are ships from the project user team that can
interact with antibodies. By executing recovery commands for both the bots of their team and for themselves, the bots have
the opportunity to interact with each other. Using specific immune operators that allow performing appropriate actions
with the population of antigens and antibodies, the work of the modified Clonalg-rpg algorithm is described. To analyze
its effectiveness, several game sessions were conducted, in which different compositions of both user ship teams and bot
teams were changed. During the game sessions, teams were formed using specific settings, and not randomly. At the same
time, spaceships were divided into three classes according to their parameters and capabilities. The results of the
experimental studies showed that the proposed immune model Clonalg-rpg is effective and simple to implement, which
makes it possible to use it in other game genres.
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KEPYBAHHSA NOBEJAIHKOIO BOTIB Y RPG-IT'PAX 3 BUKOPUCTAHHS
IMYHHOI MOJIEJI KJTIOHAJIBHOTI'O BIJIBOPY

Pospobra mooeneii kepyeanms icposumu nepconaxdcamu, sSKi GUKOPUCHOBYIONMb Memoou UMYYHO20 [HMeNeKny,
€ Ha038UYAUHO 8aXCcaUB0I0. Po3zensadaomecs numarnts CMeEOpeHHs IHMeleKMyaibHux ieposux 60mis, sKi 00360JA10Mb
imimysamu nosedinky epasyie y RPG-epi (Role-Playing Game). 3a 0onomozoto cmeopenozo izpo8o2o Ou3auHy npoex-
My MOOeNOEMbCsi (PYMYPUCIULHUL CEIM, 8 SIKOMY 2pagelb Kepye KOCMIYHUMU KOPAOISMU, WO 3MA2AOmMbCst i3 THUUMU
NOOIOHUMU KOCMIYHUMU KOopabasmu. Bukopucmogyiomscsi pisni éapianmu amaxu ado 8i0HO6/LeHHsL KOpadilié 32I0H0 6UKO-
HAHO020 ONUCy ix ModCIUBOCmel, 0e OCHOBHA Y8azd 30Cepeddcend Ha 0cobausocmsx ix 0ii. ¥ epi nepedbauacmuvcs peani-
3ayisi 0eKLbKOX PpaKyitl, sIKi 00360J10Mb CIMBOPIOBAMU PI3HI MUNU KOCMIYHUX KOpabiie ma Hadaeamu im cneyughiuni
enacmueocmi. Kooicen kopabens 3 00Ky KOMAHOU KOPUCMY8aud, a maxkoxc 3 00Ky KOMAHOU CYNPOMUBHUKA, MOJ4Ce MAMU
DIi3HI paHeu, AKi Maroms Cymmesull 8NIU8 AK HA napamempu, max i Ha eapmicms ybo2o Kopabis. B ieposomy 0ooamky
suKopucmana meopisi wmyunux imynnux cucmem (LLIC) ons epekmusrno2o kepysanms icposumu bomamu, a came imMyH-
Ha MOOeIb KIOHANbHO20 8I000pPY. 3 Yicio Memoio 3anponoHo8ana MoOUpIKO8aHA IMYHHA MOOeTb KIOHAILHOZO0 8i060pY
Clonalg-rpg, 6 sikiti anmuminamu cucmemu s61s10MouCsi OOMuU, a 4YHCOPIOHUMU OJIsL CUCHEMU AHMUSEHAMU € KOpaoi
3 KOMAHOU KOPUCIMY8AYA NPOEKNLY, K MOICYMb 3AEMOOIAMU 3 AHMUMILAMu. Bukonyouu komanou 8i0HOGIeHHs K O
bomig ceoei’ Komanou, max i 01a camux cebe, OOMU MAIONMb MONCIUBICMb B3AEMOOIAMU MidC c0D00. 3 BUKOPUCTIAHHAM
cneyughiuHux IMyHHUX Onepamopis, AKi 003601A10Mb BUKOHY8AMU 8IONOGIOHI Oii i3 NONYIAYIEIO AHMULEHI8 A AHMUMIT,
onucana poboma moougpikosanoeo ancopummy Clonalg-rpg. [L{o6 npoananizysamu 11020 eghexmusnicms 6yiu nposeodeHi
O0EKIIbKA [2POBUX CeCill, 8 SIKUX 3MIHIOBANUCS PI3HI CKAAOU SIK KOMAHO KOpabilié Kopucmysaud, mak i Komano 6omis. B xo00i
ieposux ceciil KoMaHOU QopMy6anUcs 3 BUKOPUCTNAHHAM CREYUDIUHUX HAAWMYBAHb, A He UNAOKOSUM YuHOM. TIpu ybo-
MY KOCMIUHI KopaOaii 6yiu nodileHi Ha mpu Kiacu 32I0H0 c80iX napamempie ma modiciusocmet. Pezynomamu npogederux
eKCnepUMeHmMaibHux 0OCIIONCeHb NOKA3AY, WO 3anponorosana imyrua modens Clonalg-rpg € epexkmueroro ma npo-
Ccmoio 8 peanizayii, w0 pooUmMs MONCIUBUM ii BUKOPUCIIAHHSA 8 IHUUX [2DOBUX HCAHPAX.

Kntouoei cnoea: imynna mooens, K1oHarbHULL 8i00Ip, KOCMiuHULl Kopabenw, Oill, KepysanHs, OuzaiH, ieposuti bom.

Statement of the problem

The rapid development and spread of gaming applications have significantly influenced the behavior, skills, and habits
of society. This has led to the spread of game mechanics and features in the organization of work of many mobile and
web applications, which has been called gamification [1, 2]. Elements of gamification can now be observed in many areas
of modern life — from food ordering and delivery services and distance learning systems to mobile banking applications
[3]. Mastering the basic techniques is crucial to creating engaging and successful PC games. The foundation of every
successful PC game is a well-thought-out game design that includes story, game mechanics, characters, and environments
that work together to create an engaging gameplay experience. Game design is considered the most important aspect of
computer game development.

Recent years have been characterized by the rapid development of artificial intelligence systems and the spread of free
access to such systems by society for solving various everyday and creative tasks, in particular in gaming applications
[4, 5]. The field of artificial intelligence has ceased to be exclusively research and scientific, and has become popular and
accessible to everyone, similar to what happened on the computer market in the mid-1990s. Most existing systems of
artificial intelligence organization are based on the biological principles of the human nervous or immune systems, as well
as the principles of evolutionary research on the genome and behavior of animals and ants. Artificial intelligence has also
significantly influenced the development of the modern gaming industry [6, 7].

The work sets the task of creating intelligent game bots that simulate the behavior of players in an RPG (Role-Playing
Game) game when countering the actions of a team of user characters, using artificial immune systems, in particular,
the immune model of clonal selection. Solving this task will allow us to create an intelligent system for controlling the
behavior of bots in a computer game.

Game design project

The game application considered in the work simulates a futuristic world in the style of open space, where the player
controls a group of spacecraft, the number of which ranges from 1 to 6 units, which compete with another group of similar
spacecraft of a similar number [8]. The principle of game combat is borrowed from the popular RPG game Disciples 11
in the mid-2000s, but with a significantly simplified game design. The game provides for several game factions that can
produce their own specific types of spacecraft with special capabilities and properties. At the same time, each spacecraft
in the user’s team or in the team of his opponent has a list of characteristics that determine its capabilities: cost, ship level,
combat experience, strength, energy, attack, protection, speed, and recovery.
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The game provides for several factions that create their own types of spaceships and give them specific properties.
For ease of implementation, the factions are conventionally designated by colors, namely: yellow, blue, and red. The
main feature of the ships of the yellow faction is an increase in the strength indicator by 10 %, compared to ships of other
factions; the feature of the ships of the blue faction is an increase in the protection indicator by 10 %, compared to ships
of other factions; and the main feature of the ships of the red faction is an increase in the recovery indicator by 10 %,
compared to ships of other factions. Thanks to this, each faction can increase the significant characteristics of its ships
uniquely compared to the ships of other factions. In addition, each ship, both from the user’s team and from the opponent’s
team, can belong to one of the ranks. These ranks significantly affect the cost and parameters of this ship. The list of main
ranks is defined as follows: support, scout, cruiser, frigate, destroyer, and dreadnought.

To describe the capabilities of ships, various attack or recovery options were used, where attention was focused on the
features of their action from the point of view of game design. First, two types of attack were used in the description of
the capabilities of ships: close and long-range attacks. In this case, a close attack implies the ability of the ship to attack
only those enemy ships that are on the first line of the battlefield in front of'it, i.e. on positions 2, 4 and 6 of the game battle
map (Fig. 1). A long-range attack implies the ability to attack enemy ships that are on the second line in the enemy team,
i.e. on positions 1, 3 and 5 of the game battle map.
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Fig. 1. General view of the game battle map

The definition of the method of attack between ships has a significant impact on the gameplay [9, 10]. Accordingly,
and also taking into account the defined types of close and long-range attacks, it is necessary to describe the appearance
of the playing field for the battle between ship teams. The entire playing field is conventionally divided into three parts,
where the first part is occupied by the first player’s ship team, the second part divides the teams among themselves, and
the third part is occupied by the second player’s team. It should be noted that in each team, the ships are lined up in two
rows — the one closest to the enemy and the one far from the enemy, and only the ships that occupy two places on the game
battle map occupy both rows, that is, they can be attacked by both close and long-range attacks. In addition, in the case of
the destruction of all ships of the first line, all ships that are on the second line can be attacked by any method of attack.

In the game, a great influence on the capabilities of a ship is its level, namely, it increases the strength, defense,
and attack indicators by 1 % of the initial values of a ship of a certain type of the first level, taking into account the
characteristics of the faction. The level increase occurs due to the victory over the enemy team, where for every 100 units
of strength of each destroyed ship of the enemy team, 10 units of experience are accrued, which are evenly distributed
between all ships that participated in the battle. In addition, the method of assigning damage from attacks between ships,
which is determined by the expression:

damage=ﬁ-(A1—D2), )]
&
where damage is the value of the adjusted damage that a ship inflicts on another during the attack; 4, is the attack value
of ship 1; e, is the energy value of ship 1, D, is the defense value of ship 2; e, is the energy value of ship 2.
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An important influence on the gameplay is the way a game ship can be restored, which can be done during its turn
instead of performing an attack. This indicator is determined as follows:

rp =R - ke, (2

where rp — value of the restored strength of the ship; R — characteristic of ship recovery; e — ship energy value, a k —
recovery factor, which is chosen randomly from the range [1.1; 1.25].

An important feature of the gameplay is the Player versus Enemy (PVE) mode, i.e., a game where the user plays
against a team controlled by the game itself.

Controlling gaming bots based on the immune model of clonal selection

The task of controlling game bots in a battle with a team of user ships is reduced to modeling the behavior of each
ship of the enemy team, taking into account the capabilities and characteristics of each specific ship of the player’s team.
Accordingly, game bots are only ships of the game team/system, with which the user’s team is fighting. For effective
control of game bots, it is currently advisable to use artificial intelligence systems, among which, along with neural
networks, fuzzy logic, genetic algorithms, etc., the theory of artificial immune systems (AIS) occupies an important place.
The most common AIS models used to solve various practical problems are the immune model of clonal selection and the
artificial immune network model [11].

Controlling game bots can be considered as a special case of the optimization problem, for the solution of which the
immune model of clonal selection can be used [12, 13]. According to this model, bots are considered as antibodies of the
system that interact with foreign antigens to the system, which for bots are ships from the project user team. In addition,
bots can interact with each other, executing the recovery command for themselves and for the bots of their team.

The ClonAlg method is one of the most common methods that operates on the basis of the clonal selection model.
This method can be used to solve the problem of controlling game bots that oppose the user’s ship team, which controls
them personally. In this method, the method that will control the bots plays a key role. The classic version of the ClonAlg
immune algorithm provides for the possibility of changing antibody parameters during their interaction with a population
of foreign antigens by cloning, mutation, and self-regulation of the antibody population through clonal selection and aging.
In this case, changes in antigen parameters were either not foreseen at all or were insignificant. In addition, the possibility
of antigen disappearance in the process of forming an immune response by the system was not foreseen as such. But in
our case, during the confrontation of the user’s ship team with the system’s game bot team, such a possibility is foreseen.

With this method of operation of the immune algorithm, the destruction of all antigens that represent the user’s ship
team is the only thing that can be used to solve this problem without a number of changes. Accordingly, the modified
version of this algorithm, Clonalg-rpg, has several important features. First, the algorithm cannot directly change the
values of the antibody features during its operation, but can only make decisions about the appropriateness of executing
a particular command for each specific bot or its clone. Secondly, the choice of a solution for executing a particular
bot command should be made from the point of view of the maximum efficiency of this action of destroying the entire
population of antigens, or from the point of view of restoring the strength indicator of the entire population of antibodies.
Thirdly, the condition for terminating the operation of the algorithm Clonalg-rpg is the destruction of the entire population
of antigens, represented by the set of ships of the game user, before the population of antibodies, represented by game
bots, ceases to exist. Fourth, dynamic changes in the features of antibody bots and antigen ships occur constantly at the
user’s command. Thus, the implementation of the modified version of the immune algorithm Clonalg-rpg should be based
on four defined principles as the basis of the algorithm’s work. In addition, an important feature of the clonal selection
model is that in the process of work, antibodies focus on interaction with antigens, and then use some opportunities for
interaction with other antibodies in the process of self-regulation of the antibody population.

The operation of the modified Clonalg-rpg method, created to solve the problem of controlling game bots, can be
conditionally described at the level of immune operators as follows:

AG>0

[ Presentation(AB, AG)—) |
Cloning (AB,CL) —
Mutation(AB, CL) —
ClonSelection (AG, CL) -
SelfRegulation ( AB, CL) -
Termination(AB, AG)

Clonalg —rpg = ) 3)

where Presentation(AB, AG) is the operator for presenting the set of antigens AG of the antibody population A4B;
Cloning(AB, CL) is the operator for cloning the antibody population; Mutation(AB, CL) is the operator for mutation of
the formed clones; ClonSelection(AG, CL) is the operator for selecting clones; SelfRegulation(AB, CL) is the operator for
self-regulation of the antibody population; Termination(AB, AG) is the operator for checking the possibility of stopping
the algorithm.
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The work of the Presentation(AB, AG) operator is to determine the affinities between antibodies and antigens, as
well as the affinities between the population of antibodies of the AIS. At the same time, affinity is defined as the degree
of similarity between the features of an antibody and an antigen, and the work of the immune algorithm is reduced to
ensuring that, during the process of cloning and mutation, the clones reproduce the features of a particular antigen. The
determination of antigen affinity is described by the expression:

1

A . =
iz, 1+(Ds, - Dc,)+(Es, — Ec;)’

“)

whereaffAg; is the affinity of the i-th antigen; Ds; is the saved strength indicator of the i-th antigen at the start of the battle;
Dc; is the current strength indicator of the i-th antigen at the current battle iteration; Es; is the saved energy indicator of
the i-th antigen at the start of the battle; Ec; is the current energy indicator of the i-th antigen at the current battle iteration.

The antibody cloning operator Cloning(AB, CL) is used to create a set of clones for each antibody in the current AIS
population for their further mutation. The number of clones produced by using the adaptive cloning operator is defined as:

n,~=C,»'NAg, (5)

where #; is the number of clones of the i-th antibody; C; is the number of interaction variants between the antibody and the
antigen; N, is the number of antigens.

The clone mutation operator Mutation(CL) significantly affects the speed of solving the target problem set for the AIS.
It is the mutation mechanism that ensures changes are made to immune objects and brings the AIS closer to solving the
problem. The Clonalg-rpg algorithm assumes the use of an adaptive mutation operator, which focuses on choosing the
method of interaction with antigens.

According to the clone selection operator ClonSelection(AG, CL), one immune object, or one way of interacting with
an active antigen, or a set of antigens, is selected, which makes the greatest contribution to solving the target problem.

The antibody population self-regulation operator SelfRegulation(AB, CL) has been added to the clonalg-rpg algorithm
instead of the apoptosis operator.

The antibody population self-regulation operator SelfRegulation(AB, CL) has been added to the Clonalg-rpg algorithm
instead of the apoptosis operator, which involves determining affinities or other metrics between the antibody population
and the clones selected in the clonal selection process. The determination of the internal affinity index of a clone to the
entire antibody population has the form:

e )
aff 4b, :—Z[1+(Dsi —(Dci +—RJD , (6)
S S
where aff’Ab; is the affinity of the clone with the entire population of active antibodies, including the i-th antibody from
which this clone was created; S is the size of the population of active antibodies; Dc; is the strength indicator of the i-th
antibody at the current iteration of the battle; R is the clone recovery indicator.

The possible mode of action for restoring the strength characteristic for a single antibody, or the entire antibody
population, is selected according to the value of the greater affinity. In the case where a game bot has only one recovery
method, the affinity between it and the active antibodies is determined only once.

The operator for checking the possibility of stopping the battle Termination(AB, AG) is used to check the possibility
of stopping the game battle process. The Cloanlg-rpg algorithm uses a criterion operator for stopping the operation of the
AIS, which involves stopping the operation of immune operators in the absence of active antigens or active antibodies.

Experimental studies

When studying the effectiveness of the Clonalg-rpg algorithm, about a hundred tests were conducted with different
compositions of user teams and teams of game bots of different types and different factions. During these tests, teams
were formed not randomly, but through specific settings, taking into account that spaceships can be divided into three
classes according to their parameters and capabilities, where the first class is formed by the cheapest support and scout
ships, the second class is formed by cruiser and frigate ships, and the third most expensive class is formed by heavy ships,
which occupy two places on the game battle map — destroyer and dreadnought. At the same time, the parameters of these
ships, such as attack power, energy, durability, etc. in the game balance are adjusted in such a way that first-class ships
are inferior to second-class ships by approximately 25 %, and to third-class ships by approximately 50 %. Accordingly,
second-class ships are inferior to third-class ships by 25 % in their basic indicators. However, for the sake of game
balance, first-class ships outperform all other ships in terms of speed and make their move during a game battle first.

The Clonalg-rpg algorithm was tested on the same set of input data about the user’s ship commands and game bots
in three ways: without using the AIS, when the user controls both commands directly (this is an atypical way of working
of the project, which is configured in a specific way); without using the AIS by choosing the game bot’s action method
randomly; and with using the Clonalg-rpg algorithm, which controls the behavior of game bots in battle. The main
indicator of the effectiveness of the immune algorithm for controlling game bots is the number of victories of the AIS over
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a person in game battles in which teams of ships with comparable or equal basic parameters participate. In addition, the
effectiveness study took into account not only the percentage of victories of the AIS over the user, but also the number of
ships remaining in the winning team. Accordingly, the following indicators were identified:

— the winner has 1 ship left;

— the winner has 2 ships left;

— the winner has 3 or more ships left.

Using such detail will allow you to investigate not only the fact of victory itself, but also the extent to which the
winner dominated his opponent during the game battle, which may indicate the level of skill of the game. Table 1 shows
the percentage of victories of the user’s teams over their opponent’s teams, taking into account the different ways of
controlling the opponent’s team, defined earlier.

Table 1
Frequency of user wins over opponent

Types of commands

Manual control

Random control

Control Clonalg-rpg

Sons

50 %

85,15 %

50,35 %

4o0n4

50 %

96,75 %

49,15 %

For each type of control of the team of game bots, 20 game battles were conducted to obtain statistical data on the
results of battles and the choice of the type of actions of bots during the game battle. According to the results presented
above, the least effective is the control of game bots made randomly, which almost always led to a guaranteed defeat. In
contrast, the organization of game bot control based on the Clonalg-rpg algorithm showed results comparable to those
obtained by involving a person to control the enemy ships. When reducing the number of ships in the team by using heavy
ships, which have a greater variability of possible actions, the chance of victory of game bots increases slightly, which
may indicate that in the case of increasing the number of attack and recovery options, the proposed immune method
Clonalg-rpg will show greater efficiency than the user.

In order to assess the playing skill of the winning team, the number of ships remaining in the winning team after the
game battle was recorded; these results are shown in Table 2. It can be seen that using the method of controlling game bots
randomly creates the easiest conditions for the user, because in most cases, it was the user who won over the bot team,
which is controlled randomly.

Table 2
Number of ships remaining in the winning team

Types of commands Manual control Random control Control Clonalg-rpg
Son5 1 100,00 % 12,40 % 93,75 %
2 0,00 % 82,35 % 6,25 %
3+ 0,00 % 5,25% 0,00 %
4on4 1 100,00 % 3,60 % 95,00 %
2 0,00 % 88,25 % 5,00 %
3+ 0,00 % 8,15 % 0,00 %

We can conclude that the use of the Clonalg-rpg algorithm creates difficult conditions for the user to win over a team
of game bots, with the winning team usually having only one ship left, while the others are lost during the game battle.

A separate area of observation was the type of action that the game bot chooses and performs during its turn. This
choice plays an important role, as it is what leads the game bot team to victory over the user’s team or defeat. When
allowed to make a move in the order of the queue, which is formed based on the speed of all active ships from both teams
participating in the game battle, you can choose either to attack the enemy or to recover. It is impossible for either the game
bot or the ship that is under the direct control of the user to miss a move. Table 3 shows statistical data on the frequency of
choosing a particular method of action by game bots that are under the different types of control defined earlier.

It can be concluded that the immune algorithm Clonalg-rpg gives a greater advantage to the III method of attack, both
at close and long distances, while minimizing the use of the II method of distributed attack of the enemy team’s ships.
In the case of a game bot’s decision to attack the enemy under the guidance of Clonalg-rpg, the most attention is paid
to methods of concentrated attack on a specific ship with the possibility of inflicting additional energy damage to a ship
from the enemy team, which significantly affects its further capabilities in battle. In the case of recovery, the method of
concentrated recovery of one selected ship is also preferred. This behavior can be described as a strategy of concentrated
destruction of the weakest ships of the enemy team while maximally concentrated recovery of damaged ships of one’s
own team.
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Table 3
Frequency of choosing methods of action in team battles

Variants of shi i Manual control Random control Control Clonalg-rpg
ariants of ship actions Son5 40n4 50n5 4ua4d 50n5 40n4
Method I of the close attack 19,33 % 9,82 % 24,56 % 18,89 % 20,29 % 11,01 %
Method II of the close attack 9,83 % 10,42 % 11,22 % 10,56 % 10,86 % 8,57 %
Method III of the close attack 3,15% 7,89 % 2,22 % 5,56 % 3,90 % 9,76 %
Method I of long-range attack 22,00 % 6,05 % 17,89 % 10,56 % 20,00 % 6,25 %
g-rang
Method II of long-range attack 5,83 % 10,62 % 6,22 % 10,56 % 4,86 % 8,57 %
Method III of long-range attack 3,15 % 7.89 % 2,22 % 5,56 % 3,90 % 9,76 %
Method I of recove 19,87 % 18,65 % 24,56 % 18,89 % 19,67 % 18,75 %
ry
Method II of recove 14,02 % 22,42 % 8,89 % 13,89 % 14,52 % 22,32 %
ry
Method III of recovery 2,50 % 6,25 % 2,22 % 5,56 % 2,00 % 5,00 %

It should be noted that the proposed Clonalg-rpg method is used to control game bots in RPG projects for the first time,
so today it is quite difficult to make a comparison with other immune and non-immune methods used to organize a game
bot control system. It is also important to note that the proposed immune method is easy to implement and modify, which
makes it possible to further use it to control game bots in games of other genres.

Conclusions

The solution of the current problem of controlling game bots in RPG games using a modified immune model of clonal
selection is considered. A game application has been developed that simulates a futuristic world in the style of open space,
where the player controls a group of spacecraft that compete with another such group of similar spacecraft. At the same
time, each spacecraft in the user’s team or in the team of his opponent has a list of specific characteristics that determine its
capabilities. The game provides for several factions that create their own types of spacecraft and endow them with specific
properties. Thanks to this, each faction can increase the significant characteristics of its ships in a unique way compared
to the ships of other factions. In addition, each ship, both from the user’s team and from the side of its opponent’s team,
can belong to one of the ranks, which significantly affect the cost and parameters of this ship. To describe the capabilities
of the ships, various attack or recovery options were used, which focused on the features of their action from the point of
view of game design.

Game bot control is considered as a special case of the optimization problem, for the solution of which the modified
immune model of clonal selection Clonalg-rpg is used, according to which bots are considered as antibodies of the system
that interact with foreign antigens to the system, which for bots are ships from the project user team. The work of the
modified algorithm, Clonalg-rpg is described at the level of immune operators that perform the corresponding actions
with the population of antibodies or antigens representing the bots of the system and the user.

During the experimental study of the effectiveness of the Clonalg-rpg algorithm, about a hundred tests were performed
with different compositions of user teams and teams of game bots of different types and different factions. During these
tests, the teams were formed not randomly, but through specific settings, taking into account that the spaceships were
divided into three classes according to their parameters and capabilities. The results of the experimental studies showed
that the proposed immune model Clonalg-rpg is effective and simple to implement, which makes it possible to use it in
other game genres.
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