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PREDICTIVE MODELING OF THE OUTCOMES OF CYBER SPORT MATCHES
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The e-sports industry is a highly developed interdisciplinary field in which machine learning and artificial intelligence
technologies are widely used. The article examines the application of Data Mining technologies in order to predict the results of e-
sports matches. The technique of predictive modeling is considered. Based on the correlation analysis, the input variables for
predicting the results of the matches of the online game League of Legends are determined. The SAS Enterprise Miner package
builds predictive models in the form of a decision tree, logistic regression and neural network. Based on the analysis of the quality
Indicators of forecast models, the use of the neural network as a predictor of the results of e-sports matches is substantiated. The
purpose of this predictor is to give players advice on how to change the strategy of the game in which they are defeated.
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OJIbI'A KY3bMEHKO, KIICTAHTHUH I'PUIITEHKO,
AHHA APOBEHKO, OJIEKCAH/IP KYIHHEPHOB, ABI'YCTA I'PULIEHKO

CyMCBKHI Iep)KaBHHI YHIBEPCUTET

ITPOI'HO3HE MOJAEJIIOBAHHA PE3YJ/IBTATIB KIBEPCIIOPTUBHUX MATYIB
I3 BAKOPUCTAHHSIM TEXHOJIOTTI DATA MINING

OCTaHHIM Yacom B YKpaiHi aKTMBHO PO3BUBAETLCS IHAYCTPIS KIGEDCOPTY. Ki6EpCriopT CripUsie pPO3BUTKY pPO3YMOBUX
34/6HOCTEN Y BUKOPUCTAaHHI iH@OPpMALiviHnX TEXHO/OrMN. KibepcriopT — Lie 3MaraHHs 3 KOMITIOTEPHUX irop. BOHa OXOI/IOE BEMKY
KIJIbKICTb HACE/IEHHS Ta LUMPOKUY CHIEKTP npogecivi. IHAYCTPIS KIGEPCIIOPTY BKIIIOYAE HE JIMLIE PABLIB, @ U PO3DOBHMKIB irop,
MEHELKEDIB KOMAaK/, OpraHi3aTopiB TypHIpIB, MaPKETO/IONB, CTPIMIHIOBUX KOMIIAHIY, YUC/IEHHNX CITOHCOPIB Ta AEPXKABHUX YCTaHOB.
Y b6arateox kpaiHax CBITy KI6EPCIIOPT MA€E AEPXKABHY MIATPUMKY, 3MAraHHs BUCOKOro PiBHS Ta BIAMOBIAHI OCBITHI riporpamu. Y 2020
powi Kibepcriopt 6yB BUIHAHUI OQILIiViHUM BUAOM CriopTy B YKpaiHi, @ B cepriHi 2021 poky YkpaiHa Briepiue rpwinsana YemrioHar
EBporm 3 Kibepcriopty. OCO6/mMBO Tl BIA3HAYNTU POJIb LUTYYHOrO IHTENEKTY Ta TEXHOJIONU MALMHHOIO HaBYaHHS y po3pobLi
KOMITTOTEPHMX OHJIVIH-Irop.

KibepcriopTvBHa rasy3b € BUCOKOPO3IBUHEHOK MDKAUCUMIIIHAPDHOKW CPEPOK, B SKIM LLUIMPOKO BUKOPUCTOBYIOTHCS
TEXHOJIONT MALUMHHOIO HaBYaHHS Ta LUTYYHOIO IHTENEKTY. B CTaTTi AOCTAKEHO NMUTAHHS 3aCTOCYBaHHs TexHosoriv Data Mining 3
METOI0 [IPOrHO3yBaHHs Pe3y/IbTaTiB KIOEPCIIOPTUBHUX MATYiB. PO3I/ISHYTa METOANKA [POrHO3HOrO MOAE/MOBaHHS. Ha ocHoBi
KOpensauiviHoro aHasisy BU3Ha4YeHO BXIAHI 3MIHHI 4151 POrHO3yBaHHS pE3y/IbTaTiB Mardis OHsaviH rpm League of Legends. B nakeri
SAS Enterprise Miner noby4oBaHo rporHo3Hi MOAE/ y BUITISAI AEPEBA pillieHb, JIOriCTUYHOI perpecii Ta HevpoHHOI Mepexi. Ha
OCHOBI aHasii3y MOKA3HUKIB SKOCTI MPOrHO3HUX MOJENEN OOIPYHTOBAHO BUKOPUCTAHHS HEVPOHHOI MEDPEXI B CKIaAI MPpeauKTopa
PE3Y/ILTATIB KIOEPCIIOPTUBHUX MArdiB. MeTow [aHOro rnpeauKTopa € HagaHHs rpasuysM ropasg rnpo TE, SKUM YUHOM 3MIHUTHU
CTPaTerito rpy, B SKiVi BOHU 3a3HaKOTh 10PA3KH.

Krto40Bi c10Ba: KibepCriopTUBHMI MaTY, OHJIAVH rpa, MPOrHO3YBaHHS PE3Y/IbTATIB, AEPEBO pillieHb, JIOMCTUYHE Perpecis,
HEVIPOHHAa MEPEXa.

Introduction. Recently, the e-sports industry has been actively developing in Ukraine. E-sports promotes
the development of mental abilities in the use of information technology. E-sports is a competition in computer
games. It covers a large population and a wide range of professions. The e-sports industry involves not only players,
but also game developers, team managers, tournament organizers, marketers, streaming companies, numerous
sponsors, and government agencies. In many countries around the world, e-sports has government support, high-
level competitions, and relevant educational programs [1]. In 2020, e-sports was recognized as an official sport in
Ukraine, and in August 2021, Ukraine hosted the European E-Sports Championship for the first time. The role of
artificial intelligence and machine learning technologies in the development of computer online games should be
especially noted.

The purpose of the research is to create a high-quality model for predicting the results of e-sports
matches using Data Mining technologies. To achieve this goal, it is necessary to solve some tasks: developing a
predictive modeling methodology, building predictive models based on the most common Data Mining
technologies: decision trees, logistic regression, a neural network, choosing the best model in terms of quality
indicators for the purpose of further use as part of the predictor of the results of e-sports matches.

Related works. The relevance of research in the field of cybergaming with the use of machine learning
tools, which includes Data Maning technologies, is confirmed by a significant number of publications. So, for the
query “computer gaming and machine learning” in the Scopus database were found 1802 documents published by
4766 scientists over the past five years. Watson B., Sput J., Kim J., Listman J., Kim, S., Wimmer R., Lee B., Putrino
D. [0] described the competitiveness of e-sports compared to traditional sports. Sanauja-Paris G., Camacho M.,
Balado-Albiol M. [7] considered the consolidation of e-sports in a pandemic. Imas Ye., Petrovska T., Hanaha O. [0]
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who studied it from the point of view of a cultural phenomenon in Ukraine, can be singled out among domestic
scientists engaged in e-sports research. Zhmai O.V. [4] studied the investment attractiveness of this industry in
Ukraine. Gorova K.O., Goroviy D.A., Kiporenko O.V. [5] studied the main trends in the e-sports market. Lazneva
1.O., Tsaranenko D.I. [6] studied the impact of e-sports on changing the structure of the global computer game
market. Despite the current advances in e-sports, a number of unresolved issues remain regarding the specifics of the
use of machine learning technologies and artificial intelligence in e-sports, which require further in-depth research.

Summary. The research was conducted on a dataset describing 7620 professional matches from the online
computer game League of Legends (LoL), obtained from the analytical resource Kaggle (kaggle.com). League of
Legends is a multiplayer online battle arena (MOBA) developed by Riot Games and released in 2009. Today, this
computer online game is one of the most popular in the world both in terms of the number of players and the number
of views of matches on the Twitch streaming service. In this game, two teams of 5 players each, each controlling a
champion, compete to destroy the Nexus object inside the enemy base. A typical map of the League of Legends
game is shown in Figure 1.
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Fig. 1. A typical map of the online computer game League of Legends

The map of the game includes three roads on which the minions (servants) of each team move: Top lane,
Middle lane and Bottom lane. Roads on the map are shown in yellow. The game map also includes the jungle, which
is depicted in green. They contain powerful monsters that heroes can kill to get gold. Each character has unique
skills that can be used against other heroes, minions or monsters. The map also contains towers that protect the
team's territory from enemy attacks. In fig. 1 they are depicted with blue and red dots.

The minions regularly move in waves from the base of each team in the direction of the enemy and pass on
all three roads until they find the minions of the other team to confront them. Heroes get gold by killing enemies.
Gold can be used to buy items that improve the skills of the heroes and give them a competitive advantage. To
increase the strength of the heroes, you need to defeat certain characters in the game, such as dragon, baron and
herald.

The main goal of the game is to destroy the Nexus object inside the base of each team. But in order for this
to be possible, all the towers and the ingibitor on the way to the enemy base must be destroyed in advance. Towers
are structures that cause damage to enemies within their range. Inhibitors are structures that, when destroyed by an
enemy team, make enemy minions more powerful and allow you to destroy a Nexus object.

When choosing a hero for themselves, players should consider what role he/she will play in the team.
Different heroes can play one or more roles, but most of them are better at fulfilling exactly the main role for which
they were created. The player must also be aware of the current metagame [8]. Metagames are dictated by the type
of heroes, high-quality ones are adequate for each position on the map, as well as the heroes are the most powerful
in the game. Due to the constant updates of the game, which are performed with patches, the metagame tends to
change. An example of a metagame is the most common team in the League of Legends: usually two heroes go to
the Bottom lane, one Support and one Attack Damage Carry (ADC). Mage or Assassin enters the Middle lane. In the
jungle comes Tank or Fighter. On the upper road, the hero can act as an Initiator, Front-liner or Tank.

The following performance indicators of blue and red teams were used as input variables of the e-sports
match of the online game League of Legends, respectively:

blue end gold, red _end gold. Gold is earned by killing monsters, other players and objects. It can be spent
on items that strengthen the hero.

blue kills, red_kills. Killing players of the opposing team gives extra money and also slows down the
progress of the opposing team.

blue towers, red towers. Destroying the towers that are placed on each road map, allows your team to
move forward.

blue inhibs, red inhibs. Destroying the inhibitors that are placed at each team base is necessary for your
team to capture the inner towers and win the game.

blue _dragons, red_dragons. Killing a dragon, a powerful monster gives your team gold, which allows you
to gain a competitive advantage over another team.
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blue barons, red barons. Killing a baron, the most powerful monster gives your team a competitive
advantage over another team.

blue heralds, red heralds. Killing the Rift Herald is the third most powerful monster gives your team gold,
which allows you to gain a competitive advantage over another team.

The resulting binary variable winner contains the number of the team that won the match (1 is blue, 2 is
red). The results of correlation analysis of input variables using a thermal map are presented in Figure 2.
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Fig. 2. The results of correlation analysis of input variables

The correlation between the output variable winner and the input variables blue towers and red towers is
high (0.88). The correlation between the output variable winner and the input variables blue inhibs and red inhibs
is also high, but lower (0.72). Thus, destroying the towers in the game is extremely important, even more so than
destroying the inhibitors. A fairly high level of correlation is also observed between the original variable winner and
variables such as: blue kills and red kills (0.66); blue barons, red barons (0.61); blue dragons, red dragons
(0.57).

For predictive modeling of e-sports results using Data Mining technologies, the SAS Enterprise Miner
package was chosen, which is an integrated component of the SAS data mining system, designed to detect in large
data sets the information needed for decision-making. To build models, we used the tools of decision trees,

regression analysis and neural networks (Figure 3).
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Fig. 3. ETL-diagram of the process of modeling the results of e-sports matches using Data-Mining technologies in the SAS Enterprize
Miner package

The Input Data node of the ETL process diagram contains a set of input data consisting of 14 interval input
variables and 1 binary output variable. The number of observations is 7620. The Data Partition node of the ETL
process diagram uses the tool Data Partition, with which the entire input data set (100% - 7620 matches) is randomly
divided into two parts while maintaining the proportion of response distribution of the target variable (winner): 60%
(4571) is the training data on which the model is based; 40% (3049) is the validation data, which checks the quality
of possible variants of the model specification and selects the best of them. The distribution of data as a percentage
is presented in Table 1.
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Table 1.
Partitioning the input data set using the Data Partition tool in the SAS Enterprise Minner package
Data Number of observations with team winning 1 (blue) Number of observations with team winning 2 (red)
units % units %
Primary 4146 54,41 % 3474 45,59 %
Training 2487 54,41 % 2084 45,59 %
Validation 1659 5441 % 1390 45,59 %

Thus, the models were built and tested on equivalent data sets.

In the second stage, a Decision Tree node, Regression node and AutoNeural node were built. In the third
stage, using the Model Comparison tool, a comparative analysis of the constructed models was performed and the
best one was selected. The constructed decision tree with 6 leaves is presented in Figure 4.
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Fig. 4. Screenshot with the results of predictive modeling of the results of e-sports matches using the decision tree in the SAS Enterprize
Miner package

The use of input variables in the process of constructing branches corresponds to the degree of their
correlation with the output variable (see Figure 2) and is confirmed by the results of assessing their significance in

the SAS Enterprise Miner package, presented in Figure 5.
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Fig. 5. Screenshot with the results of assessing the significance of input variables in building a decision tree in the SAS Enterprize Miner
package

To optimize the model of logistic regression, the method of stepwise exclusion of insignificant factors
(Stepwise) was chosen, the significance of which was determined by the statistical criterion of Chi-Square. Figure 6
shows the calculated values of the Chi-Square criterion for the selected factors (Score Chi-Square column).
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Summary of 3tepwise Selection

Effect Hunber docore Wald
Step Entered LF In Chi-3quare Chi-3quare Pr > Chilig
1 red_towers 1 1 3583.5358 <.0001
2 blue_towers 1 2 503.6451 <.0001
3 red kills 1 3 62.3712 <.0001
4 blue_kills 1 4 65.0320 <. 0001
5 blue_inhibs 1 5 12.5208 0.0004
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Fig. 6. Screenshot with the results of assessing the significance of input variables in the construction of logistic regression in the package

SAS Enterprize Miner

Following the Score Chi-Square column, the Pr> Chi-Square column demonstrates how significant the
selected factor is, namely, the smaller the value in it, the more significant the factor in the model. Variables with a
calculated value less than 0.0001 have a high statistical significance (in this case, the factors blue towers and
red_towers, blue kills and red_kills). The factors blue inhibs and red_inhibs, blue_heralds and red heralds are also
statistically significant (the corresponding calculated value is less than 0.05). Estimates of the odds ratio, showing
how the selected variables of the logit model affect the target variable, are presented in Figure 7.

0dds Ratio Estimates

Point
Effect Estimate
blue_heralds 1.89a
blue_inhibh=s 1.5z8
blue_kills 0.794
blue_towers 0.273
red_heralds 0.505
red_imhibs a.737
red kills 1.333
red towers S3.038

Fig. 7. Screenshot with the odds ratio estimates in the construction of logistic regression in the SAS Enterprize Miner package

When constructing the neural network, the activation function was chosen as the hyperbolic tangent, and

the type of architecture with one hidden layer.

The best model was selected on the basis of the Misclassification Rate, the Average Squared Error and the
Gini Coefficient. The lowest values of the Misclassification Rate, the Average Squared Error and the highest values
of the Gini Coefficient are characterized by the neural network (Figure 8). In second place is the logistic regression.

The last place is occupied by the decision tree.
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Fig. 8. Screenshot with the results of quality assessment of decision tree models, logistic regression and neural network in the SAS
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Conclusions. This research paper demonstrates the practical implementation of the most common Data
Mining technologies predict the results of e-sports matches, namely: decision trees, logistic regression, and neural
network. According to the results of the study, it can be conclude that the best Data Mining technology that can be
recommended for the practical implementation of the predictor of the results of e-sports matches is the technology
of neural networks. The second in terms of forecasting quality is logistic regression. Based on the obtained models,
real-time predictors can be built, which are able to provide players with information about what priorities should be
during the game, for example, to change the strategy of the game in which they are defeated.
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