
УДК 004.89 
МРНТИ

ФИЗИКО-МАТЕМАТИЧЕСКИЕ И ТЕХНИЧЕСКИЕ НАУКИ

RESEARCH OF MULTIAGENT SYSTEM IN A DYNAMICALLY CHANGING
ENVIRONMENT USING 

REINFORCEMENT LEARNING ALGORITHMS

A. PRENOV, A. AKSHABAYEV

J S C  «Kazakh-British Technical University»

Abstract: Nowadays, betting has become one o f the most well-known facilities in the modern world. Thus, 
there occurred a plenty o f bookmakers which got profitable in the very short period o f time. Sport prediction 
is very important and interesting problem for machine learning algorithms. Research explores the usage o f  
one o f the most mind-blowing phenomenases - the multi-agent system in the study o f the world o f bets. Since, 
Reinforcement Algorithms are the irreplaceable ones in the study o f gamblings, w e’ll show the implementation 
and the meaning o f the reinforcement algorithm. Study will consider the role o f reinforcement algorithm 
used by multi-agents to determine the winners and losers. We’ll examine the efficiency o f a given algorithm 
in the obscure surroundings. Moreover, w e’ll show the process o f transferring the data among agents and 
demonstrate its efficiency. Finally, w e’ll provide cases where this solution can be useful in terms o f business, 
mathematics, etc.
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ДИНАМИКАЛЬЩ 0ЗГЕРІСТЕГІ ОРТАДАГЫ МУЛЬТЙАГЕНТТІК ЖУЙЕНІ 
КУШЕЙТЕ ОЦЫТУ АЛГОРИТМДЕР1 НЕГІЗІНДЕ ЗЕРДЕЛЕУ

Ацдатпа: Цазіргі тацда спорт сайыстарына утыс тігу заманауи цогамныц ец танымал ойын-сауыц 
турлерініц біріне айналды. Спорттыц бэс тігулер кец етек жая mYcyMeH бірге, сан алуан мэселе- 
лер де бетке шыга бастады. Зерттеу, бYгінгі кунніц ец взекті термйндердіц бірін, мультшгенттік 
ЖYйелердіц спорт сайыстарына утыс тігудегі цолданысын царастырады. Ныгайту алгорйтмдері 
цумар ойындарды зерттеудегі таптырмас цурал болгандыцтан, осы алгорйтмніц ЖYзеге асуын жэне 
цолданысын аныцтап кврсетеміз. Жазылган жумыс мултйагенттік ЖYйелердіц ныгайту алгорит- 
мініц арцасында спорт ойындарындагы утыскерлер мен утылгандарды аныцтап, есептеу тэсілін 
кврсетеді. Сол Yшін алгорйтмніц тйімділігін шынайы ортада тексеріп, нэтижелерт шыгарамыз. 
Сондай-ац мультйагенттердіц вздерініц арасында ацпаратты цаншалыцты тйімді таситынын 
зерттейміз. Цорыта келе, алгорйтмніц цолдану аялары мен болашацтагы мYмкіншіліктері туралы 
жан-жацты зерделенеді.

TYMHdi свздер: спорт сайыстарына утыс тігу, мультйагенттік ЖYйелер, q-оцыту, олжа, жай-куйі, 
іс-цймыл

ИССЛЕДОВАНИЕ МУЛЬТИАГЕНТНЫХ СИСТЕМ В ДИНАМИЧЕСКИ 
ИЗМЕНЯЕМОЙ СРЕДЕ С ИСПОЛЬЗОВАНИЕМ АЛГОРИТМОВ 

ОБУЧЕНИЯ С ПОДКРЕПЛЕНИЕМ

Аннотация: Ставки на спорт являются одним из самых популярных видов развлечений современного 
мира на сегодняшний день. Вследствие чего букмекерские конторы стали неимоверно прибыльными 
за очень короткое время, что за собой привлекло немало проблем, о которых приводится ниже. 
Исследование рассматривает один из самых умопомрачительных феноменов сегодняшнего дня, то 
есть мультиагентные системы в мире спортивных ставок. Рассматривается реализация и смысл 
обучения с подкреплением, в виду того, что данный вид обучения незаменим в изучении спортивных
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ставок. Алгоритмы обучения с подкреплением незаменимы в анализе азартных игр, поэтому 
исследование рассмотрит роль обучения, используемых мультиагентами, чтобы определить 
победителей и проигравших. Протестирована эффективность алгоритма в реальной среде. Также 
демонстрируется процесс передачи данных среди мультиагентов и результативность процесса, 
сферы применения алгоритма.

Ключевые слова: ставки на спорт, мультиагентные системы, q-обучение, награда, состояние, 
действие

In tro d u ctio n
First o f  all, I w ou ld  like to introduce a problem  

I w ant to face. A t the present tim e, there are a lot 
o f  problem s caused by  a betting establishm ents. 
M any fam ilies have getting divorced. There are a 
bunch o f  bankrupt, gam bling addictions, anxiety  
and depression, even suicide risks. I personally  
b elieve that these facilities have to go  under.

The disclosure o f  the w ork patterns o f  
betting offices w ou ld  turn the w orld upside  
dow n for all intents and purposes. There is still 
no precise w ay to attain a form ula to com pute 
the probability o f  w in. M any researchers tried 
to beat the bookm akers. H ow ever, all attempts 
w ere futile.

The objective o f  the research is to show  
the w ork principle o f  one o f  the m ost profitable 
businesses -  betting establishm ents and try to 
beat them. R elevance o f  this research can’t 
be underestim ated since M achine Learning is 
the m ain tool in the study o f  bets, sports and 
forecasting in general.

T arget-settin g
In light o f  technology  age, m ost bookm akers 

have their ow n w eb-site. The m ost popular ones 
are olim p.kz, lxbet.kz, profitbet.kz, tennisi.kz, 
etc.

I chose K azakhstan’s betting office nam ed  
tennisi as the exam ple o f  the bookmaker.

I w as focused on a tennis due to plenty o f  
facts. First o f  all, there are only tw o options in 
tennis: player 1 w ins and player 2  lo ses  or v ise-  
versa, player 2 w ins and player 1 loses. It m eans 
that com puting the probability o f  w in  or lo se  
w ould  be m uch easier because w e  don’t need  
to consider a draw situations. U sually  gam e  
is played to 6 points. I f  draw occurs players 
continue their gam e adding 2  points required 
to win. For exam ple, i f  the score is 5-5, player 
needs to w in  w ith 7-5.

Secondly, tennis gam e doesn ’t depend on 
external factors such as the weather, health o f  
players, etc. So, w e ’re m inim izing the ‘dom ain’ 
o f  probability calculation by elim inating these
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Fig. 1. Data Proccessing Proccess
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factors above in order to m ake the process easier 
and convenient.

Data Processing
A s you  can see, scraper co llects all the data 

from w eb-site  and puts it into a queue. I added 
queue because o f  the potential enorm ous amount 
o f  data. I f  all requests handled im m ediately, it 
w ill lead to overloading o f  the server and the 
next situation m ight happen: one request is still 
loading, but the next one is already handled, and 
everything g o es in the w rong order. Therefore, I 
use m essage-broker w hich  w ill handle all requests 
in a right tim e. After queue the inform ation  
is stored in a D B M S  (D atabase M anagem ent 
System ), M ongoD B , in this case. Then, this data 
can be exported in a C SV  (or any other) format.

Introduction to Q-Learning:
In this research I used q-learning algorithm  

as the reinforcem ent algorithm w h ich  is based on 
the Q function that calculates the optimal road to  
a goal (or just w in).

The function adds new  reward to m axim um  
amount o f  previous reward m ultiplied by discount 
factor.

First, w e  need to in itialize our q-function and 
q-table where initial values are zero. Then agent

starts exploring the environm ent and performing 
actions. Each action g ives certain result: negative, 
positive or neutral (just zero). So, agent starts 
learning based on em pirical know ledge.

1. Initialization
V(s) e R and 7r(s) € A(s)  arbitrarily for ail s 6 S

2. Policy Evaluation 
Repeat

Д «- 0
For each s € S: 

v  «—  V(s)
V(s) *- Ey,r P(^ir l*>w(e))[r  +  7v '(e')]
Д «— тах(Д , \v —  V(s) |) 

until Д < 9 (a small positive number)

3. Policy Improvement 
policy-stable -f—  true 
For each « £ § ;

a 7r(s)

tt{ s )  argmaxa E ^ .r  Р (А Ф , a) [r +  П/V  (s')]
If a f  7r(s), then policy-stable t— false  

If policy-stable, then stop and return V  and 7г; else go to 2

Fig. 2. Pseudocode fo r  Q-Learning

Application of Q-Learning

N ext action is im porting the inform ation from  
a database and sending it to an agent.

First, le t’s see w hat agent is. A gent is an 
entity that do som e independent actions in order 
to achieve a certain goal. In addition, agent

cyv/e-Kcei .iny-pitwr 
1amal

гемме bet request

igerV betrespCflS*m onqgtb

Awallaw
betting

ask Гог predictionmarches

mode 1 mode 2 mode Э

Fig. 3. Learning Algorithm

155



ВЕСТНИК КАЗАХСТАНСКО-БРИТАНСКОГО ТЕХНИЧЕСКОГО УНИВЕРСИТЕТА, №4 (51), 2019

can not only use the previous dow nloaded and 
programmed know ledge, but also learn som ething  
new  to reach this goal. In other words, agent can 
use its em pirical know ledge (know ledge based  
on past experience).

A gent sends request to several m odels (w e  
can use only q-learning based m odel or several 
independent m odels w ith different algorithm s) 
and asks their predictions. After getting a 
prediction, agent subm its it to bookm aker and 
gets the result i f  it’s correct or not. This is how  
the agents learn.

The classical m odel o f  m achine learning 
divides the data into tw o sets: train data set and 
test data set. H ow ever, now adays w e  use train, 
validation and test data division.

Comparison
To summarize, le t’s compare all reinforcem ent 

learning algorithm s w ith q-learning algorithm.

Q-learning Other reinforcement 
algorithms

Policy Off-policy (explores 
the environment)

On-policy (doesn’t 
explore)

Environment Discrete, but can also 
work in continuous 
environment

Either discrete or 
continuous

Based on Q-function Other

Model Model-free Model-free

Function type Directe Direct, Recursive

Conclusion
To sum up, the research show s abilities o f  

m achine learning, q-learning, to be exact, in the 
study o f  the w orld o f  bets. A s a consequence, the 
solution can be applied on m any fields o f  gam e  
theory and discover the new  opportunities in this 
area.

Therefore, m any sim ilar problem s can be 
solved  such as exchange rates forecasting, frauds 
in gam bling and so on. In other words, w e  w ill 
have a real ‘m ind’ w h ich  does all the calculations, 
analysis w ithout any m istakes in them.

Research provides a great usage o f  m ulti-agent 
system s in sports betting and considers one o f  the 
large betting establishm ents, nam ely tennisi.

The prototype w hich  is written on Python 3.7  
can be used in a future investigation. Project is 
flex ib le and can be overwritten in m any languages 
w ith m any algorithm types o f  reinforcem ent 
learning.

Work discovers potential pow er o f  the 
q-learning in modern world w ith application in 
sports betting.

W e achieved great results in this period o f  time. 
A s a future work, I w ant to develop m y ideas and 
im prove the perform ance rate, m inim ize tim e and 
m em ory consum ing and expand the use cases.
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