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Abstract: the aim of this paper is to obtain the optimal strategies of two competitive players using Game Theorem 

and to make future predictions of games using Markov Chains involving the EPL. All the teams that have 

participated since 2005/2006 EPL season to EPL 2019/2020 season were considered and the method of proportion 

of wins was used to select five best teams. Linear programming was employed to select the optimal strategies, while 

the predictions for seasons 2020/2021 to 2023/2024 are obtained by Markov chain method. The results obtained 

revealed that Man U is the optimal strategy for Player A, and that Player A has to choose Man U to maximize his 

profit, meanwhile, Chelsea is the optimal strategy for Player B and he has to choose Chelsea to minimize his loss. 

The findings of the results also revealed that for Man U or Chelsea to win their home games, it will depend on their 

current home winning against the team they are playing with. 
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Probability Matrix

1. Introduction 
Scoreline is the score or final result achieved by the 

players in a game or competition. Game theory does 

not ascertain how game should be played, but rather 

tells us the procedures and principles by which the 

actions should be selected. Markov chain in the other 

hand is used to predict the chances of a team winning 

a particular game relied on its current and previous 

games. 

English Premier League (EPL) is the top level of the 

English football league system, which is contested by 

twenty (20) clubs. It usually operates on promotion 

and relegation, where the last three clubs that finish 

on the bottom (that is 18, 19, and 20
th

 position) 

relegate to EPL Championship, while the clubs that 

end first carries the league and is crowned champion 

of the EPL. EPL is the most viewed league in the 

world and the most rated. 

Game theory is an important tool used in decision 

making among rational decision-makers [8,10]. [4] 

analyzed the scoreline of the EPL using Game theory 

and Markov Chains. [16] carried out a prediction 

analysis on the outcome of an election in a given 

situation using the application of Markov chain. [13] 

studied the performance of Markov chain model in 

predicting time series data. [15] presented a machine 

learning algorithm for modelling route prediction 

using the application of Markov chains. 

[9] presented an approach in optimizing tactics and 

strategies in football and a novel model for making 

both pre-match and in-match decisions, using the 

game theory approach. [6] analyzed the different 

methods and techniques used in solving game 

problems. [1] analyzed the Transmission Cost in 

Slotted ALOHA and ZigZag Decoding using the 

application of Game theory and Markov chains. 

2. Materials and Methods 

2.1 Method of Team/Club Selection 

Five teams from the English Premier League (EPL) 

within the period review, that is, from 2005/2006 

season to 2019/2020 season for this study are 

selected from the list of the teams that have not 

relegated to Championship League using the method 

of proportion. This study relies only on the 

proportion of wins. The total games played by the 

twenty (20) teams of the EPL in each season is 

obtained, and the total number of wins (both home 

and away matches) is obtained, and the proportion of 

wins for each most occurred teams that has not 

relegated under the period review is obtained using 

equation (1).  

                        
   

   
              (1) 

where TCW is the Total Club wins from 2005/2006 

to 2019/2020, and TCP is the Total Games Played by 

the Club from 2005/2006 to 2019/2020  

2.2 Game Theory 
Game is a competitive situation among some finite 

number of persons or group of persons known as 

players conducted a prescribed set of rules with 

known payoffs [11], defined by the players, actions 

and outcomes [2]. 

Game theory is a theoretical framework to conceive 

social situations among competing players and 

produce optimal decision-making of independent and 

competing actors in a strategic setting. The actions 

and choices of all the competing actors (participants 

or players) affect the outcome of each other [7]. The 

competing actors within the game are assumed to be 

rational and will do anything to maximize their 

payoffs in the game. 

  

Scoreline of a Game 



The scoreline of a football match or a game is the 

score or the final result of it. Scoreline, type of 

competition, venue of the game, time frame, and the 

competitor have great effect on sports performance 

[3,5,12]. 

 

Two-Person Zero-Sum Games 

These games involve only two players. Two-Person 

Zero-Sum Games are called Zero-Sum Games if the 

sum of the payoffs to each player is constant for all 

possible outcomes of the game. A Two-Person Game 

is characterized by the strategies of each player and 

the payoff matrix. In the Two-Person Zero-Sum 

Games, the players are rational and greedy, meaning 

that they choose their strategies in their own interest. 

Hence, the winning of one player leads to the loss of 

the other player.  

 

Payoff Matrix 

This matrix shows the gain (positive or negative) for 

the first player (Player A) that would result from each 

combination of strategies for two players (Player A 

and Player B), where the matrix for Player B is the 

negative of the matrix for Player A in a Zero-Sum 

Game. The entries payoff matrix can be in any units 

as long as they represent the value to the player. 

 

Saddle Points and Value of the Game 

The Saddle Point is that value in the payoff matrix 

which is both the minimum of the column maximums 

and the maximum of the row minimum. When there 

exists only one saddle point, the saddle point so 

obtained becomes the Value of the Game to Player A. 

Table 1 shows the payoff table format for a game 

involving more chances for one player. 

 

Table 1: Payoff Table for a Game Involving More Chances for One Player 

 Player B 

 

 

Player A 

              

              

                     

                      

            
                     

 

where            are Player’s A Strategies; 

           are Player’s B Strategies 

 

           are the probabilities of Player A 

choosing the respective Strategies            

 

           are the probabilities of Player B 

choosing the respective Strategies            

 

              are the Goal Difference between 

Player A and Player B in a Home or Away Games 

 

2.3 Games and Linear Programming 

When the Two-Person Zero-Sum Game involves 

more than two (2) choices and there is no evidence of 

Saddle Points, linear programming can be used to 

established the opposing player’s strategies. In Table 

1, Player A will choose strategies            so as 

to receive as large an expected payoff as possible, no 

matter what Player B does. 

Player A’s Complete Linear Program is given as 

             Maximize                   
S.t                        

                            

                                                                                 (2) 

                           

             

            Where                      

 

On the other hand, Player B will choose strategies 

           so that his expected loss to Player A is 

as small as possible, no matter which strategy Player 

A chooses.  

Player B’s Complete Linear Program is given as 

             Minimize                 
S.t                        

                            

                                                                             (3) 

                           

             

            Where                      

 

Dividing equation (2) and equation (3) by   which is 

the value of the game, then  

Player A’s new Linear Program becomes 

             Minimize  
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Since in equation (4), Player A’s objective is to 

maximize the value of the game on his interest, it is 

equivalent to minimize 
 

 
.  

Player B’s Linear Program is given as 

             Maximize  
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Again, since Player B’s objective in equation (5) is to 

minimize his loss, which is equivalent to maximize 
 

 
 

2.4 Markov Chain 
A Markov chain is a stochastic process      
        having the property that given the present 

state, the future is conditionally independent of the 

past. Markov chain is a discrete sequence of states, 

each drawn from a discrete state space (finite or not), 

and that follows the Markov property. 

Mathematically, Markov Chain can be denoted by 

                                     (6) 

where at each instant of time the process takes its 

values in a discrete set   such that 

                                     (7) 

Suppose that whenever the process is in state  , there 

is a fixed probability     that it will be in state   next, 

then the property of Markov chains is define as 

                                 
         (8) 

for all states                  and all     

where   is the future state,   is the present or current 

state,                  are the past states 

Since probabilities are nonnegative and the process 

must make a transition into some state, the sum of the 

probabilities will be equal to 1, for the probability of 

any transition is greater zero (0). It is expressed as  

    

 

   

                                      

                                    (10) 

Transition Probability Matrix (TPM) 

The state transition probability matrix of a Markov 

chain gives the probabilities of transitioning from on 

state to another in a single time unit. Let   represent 

the matrix of one-step transition probabilities    , 

with states        , which is expressed as 

 

   

          
          
 
   

 
   

 
 

 
   

                       (11) 

For example, a one-step  probability transition matrix 

with three states say Loss (  , Win  (   and Draw  

(   is given as 

                                                                       

  
 
 
 
 

         
         

         
                     (12) 

 

Suppose that a game leads to the outcome in equation 

(13), the chance of a team (club) winning their next 

game depends only upon whether or not they win 

their current game, they will win their next game 

with probability    ; and if they do not win their 

current (that is, they loss their current game), their 

probability of winning their next game will be    . 

However,  

 

                            

                           (13) 

 

Let the n-step transition probabilities of a Markov 

chain     
   

 to be the probability that a process 

proceeds from state   to state   over   additional 

steps. This can be written as 

   
                                  (14) 

               

For a finite number   of possible states in   
            , the transition probability matrices up to 

  step transitions are given as  



 

                  

                     

                     

 
                      

 
 

 
 

                    (15) 

 

The n-step transition probabilities can be computed 

or derived using Chapman-Kolmogorov equation as 

stated in equation (16) 

 

   
     

     
    

 

 

   

                               

                               
where    

    
  represents the probability that starting 

in  , the process will go to state   in     transitions 

through a path which takes it  into state   at the     

transition. 

 

2.5 Prediction Model 
The prediction of matches over the seasons can be 

obtained using Stochastic Row Vector, where at the 

current season,          , which implies that 

the home Club has a probability of one (1), that is 

100% chances of winning the visiting Club.  

For the next season, that is at time      the 

prediction can be obtained using 

 

                                    (17) 

In the next two seasons, that is at time      the 

prediction can be obtained using 

 

                                     (18) 

 

 And in the next three, that is at time      the 

prediction can be obtained using 

 

                                     (19) 

In general, the Prediction Model is written as 

 

                                       (20) 

Prediction for the games on more distant seasons 

change less and less on each subsequent season and 

tend towards a steady state vector [14] as defined in 

equation (21). 

 

                                              (21) 

 

3. Results and Discussion 
The seven clubs that have never relegated to English 

Championship League from 2005/2006 to 2019/2020 

seasons selected based on proportion of their wins are 

shown in Table 2.

 

Table 2: Proportion Wins of English Premier League Teams/Clubs that have not been Relegated to Championship 

between 2005/2006 to 2019/2020 Seasons 

Team (Club) Total Game Played Total Win (both Home and Away) Proportion Win 

Man U (MU) 570 352 0.62 

Chelsea (CH) 570 346 0.61 

Man City (MC) 570 327 0.57 

Liverpool (LP) 570 321 0.56 

Arsenal (AR) 570 310 0.54 

Tottenham (T) 570 285 0.50 

Everton (EV) 570 227 0.40 

Man U, Chelsea, Man City, Liverpool and Arsenal are the teams with the highest proportion wins. However, they 

are the teams (clubs) of interest in this study. Table 3 shows the goal difference among the five selected clubs in the 

EPL, in the home and away games. 

Table 3: 2005/2006 Home and Away Results Matrix 

 Man U Chelsea Man City Liverpool Arsenal 

Man U - 1-0 1-1 1-0 2-0 

Chelsea 3-0 - 2-0 2-0 1-0 

Man City 0-0 0-1 - 0-1 1-3 

Liverpool 0-0 1-4 1-0 - 1-0 

Arsenal 0-0 0-2 1-0 2-1 - 

Table 3 shows the match results between the 

competing teams in 2005/2006 English Premier 

League. For example, when Man U is home and 

Chelsea is Away, the resultant score is 1-0 in favour 

of Man U; when Man U is still Home and Man City 

is Away, the result score is 1-1, which shows a tie 

(draw); when Liverpool is Away and Man U still 

home, the resultant score is 1-0 in favour of Man U; 

and when Arsenal is Away, the resultant score is 2-0 



in favour of Man U. However, a team cannot play 

with itself, in that case, a dash (-) is used instead. 

Table 4 shows the goal difference of the games in 

Table 3, with two Players A and B using the clubs (or 

teams) as their strategies. A positive goal difference 

implies a win to the home teams and a loss to the 

away team. For example, when Arsenal is at Home, 

and Man U is Away, the goal difference is 0, which 

implies a draw game, each team (both Arsenal and 

Man U) goes home with a point; when Chelsea is 

Away, the goal difference is -2, which implies a loss 

to Arsenal and a win to Chelsea; when Man City is 

Away, the goal difference is 1, which implies a win 

to Arsenal and a loss to Man City; when Liverpool is 

Away, the goal difference is 1, which implies a win 

to Arsenal and a loss to Liverpool; and since Arsenal 

cannot play itself, the goal difference is 1. 

Again, Player A chooses his strategies (clubs) so as 

to maximize his game, while in the other hand, Player 

B will choose his strategies (clubs) so as to minimize 

his loss 

Table 4: 2005/2006 Home and Away Goal Difference (Payoff) Matrix 

 Player B 

 

 

Player A 

 Man U Chelsea Man City Liverpool Arsenal 

Man U 1 1 0 1 2 

Chelsea 3 1 2 2 1 

Man City 0 -1 1 -1 -2 

Liverpool 0 -3 1 1 1 

Arsenal 0 -2 1 1 1 

  

Player A’s Linear Program is given as 

 

                                    
                                     
                                    
                                                 
                                                 
                                                 
                                          

  
 

  
 

  (22) 

The optimal solutions of player A and player B with 

the value of the game for player A for 2005/2006 

season English Premier League (EPL) home and 

away games is shown in Table 5.

 

Table 5: Optimal Solution for the Season 2005/2006 EPL Home and Away Games 

Value of the Game to Player A      

Player A’s Optimal Strategies MU CH MC LP AR 

Probability  0.50 0.50 0.00 0.00 0.00 

Player B’s Optimal Strategies MU CH MC LP AR 

Probability  0.00 1.00 0.00 0.00 0.00 

 

Table 5 shows the optimal solution of the LP in 

equation (17). For Player A to maximize his gain, he 

selects two strategies MU (Man U) or CH (Chelsea), 

both having a selection probability of 0.50. 

Meanwhile Player B minimizes his loss by selecting 

strategy CH (Chelsea) having a selection probability 

of 1.00. Again, Chelsea is considered the best club 

among others. The value of the Game to Player A is 

1.00. Moreover, the analysis as in Table 3, Table 4, 

Table 5, and LP formation for Player A in equation 

(22) is also carried out for the seasons 2006/2007 to 

2019/2020 Home/Away games, so as to obtain the 

optimal solutions, with the values of the game to 

Player A. The summary of the optimal strategies and 

values of the games for Player A is given in Table 6.

 

Table 6: Optimal Strategies for Player A and Player B for Seasons 2005/2006 to 2019/2020 EPL Home and Away 

Games 



Season Player A Player B Value of the Game to 

Player A 
Strategy Probability Strategy Probability 

2005/2006 MU, CH 0.50 (each) CH 1.00 1.00 

2006/2007 MU 0.50 MU, CH 0.50 (each) 0.50 

2007/2008 MU 0.71 MU 1.00 1.00 

2008/2009 LP 0.68 MC 0.38 0.54 

2009/2010 MU, MC 0.38 (each) MU, CH 0.38 (each) 0.25 

2010/2011 MU 1.00 LP 0.56 1.00 

2011/2012 MC 1.00 MC 0.67 1.00 

2012/2013 MU, MC 0.50 (each) MU, MC 0.50 (each) 0.00 

2013/2014 CH 1.00 CH 1.00 1.00 

2014/2015 CH 0.67 CH 0.67 0.67 

2015/2016 MU 0.59 CH 0.37 0.58 

2016/2017 LP 0.69 LP 0.50 0.58 

2017/2018 LP 0.67 MU, CH, MC 0.33 (each) 0.33 

2018/2019 MC 1.00 MC, LP 0.50 (each) 1.00 

2019/2020 LP 0.83 MU, LP 0.50 (each) 1.50 

 

The frequency (number of times) clubs are being selected by player A and player B, with the proportion (relative 

frequency) are shown in Table 7. 

Table 7: Number of Times Clubs Are Selected by Player A and Player B in Season 2005/2006 to 2019/2020 EPL 

Home and Away Games 

Clubs/Teams Player A Player B 

Number of Selection Proportion Number of Selection Proportion 

Man U (MU) 7 0.47 6 0.40 

Chelsea (CH) 3 0.20 7 0.47 

Man City (MC) 4 0.27 5 0.33 

Liverpool (LP) 4 0.27 4 0.27 

Arsenal (AR) 0 0 0 0 

 

As given in Table 7 Player A should choose or 

purchase Man U so as to maximize his profit or 

maximize his winning potentials in EPL, meanwhile 

Player B has to choose or purchase Chelsea so as to 

minimize his loss or his losing deficiency in the EPL. 

Table 8 gives the game results sequences, matrix of 

flow and 1-step transition matrix for both home and 

away games for Man U and Chelsea. 

Table 8: Game Results Sequences, Matrix of Flow and 1-Step TPM for 2005/2006 to 2019/2020 EPL Home and 

Away Games for Man U and Chelsea 

        Game Results Sequences                                                                     Matrix of Flow                                     1-Step TPM     
Man U against Chelsea (when Man U is Home) 

                                                                                                                                        

                                                                                     
 
 
 
 
   
   
   

 
  
  
  

                           
               
               
               

  

Chelsea against Man U (when Chelsea is Home) 

                                                                                                                                       

                                                                                    
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  

 

Man U against Man City (when Man U is Home) 

                                                                                                                                       

                                                                                         
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  



 

Man City against Man U (when Man City is Home) 

                                                                                                                                       

                                                                                           
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  

 

Man U against Liverpool (when Man U is Home) 

                                                                                                                                        

                                                                                  
 
 
 
 
   
   
   

 
  
   
  

                          
               
               
               

  

Liverpool against Man U (when Liverpool is Home) 

                                                                                                                                        

                                                                                         
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  

 

Man U against Arsenal (when Man U is Home) 

                                                                                                                                       

                                                                                  
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  

Arsenal against Man U (when Arsenal is Home) 

                                                                                                                                       

                                                                                      
 
 
 
 
   
   
   

 
  
  
  

                             
               
               
               

  

 

Chelsea against Man City (when Chelsea is Home) 

                                                                                                                                       

                                                                                  
 
 
 
 
   
   
   

 
  
  
  

                             
               
               
               

  

Man City against Chelsea (when Man City is Home) 

                                                                                                                                       

                                                                                       
 
 
 
 
   
   
   

 
  
  
  

                             
               
               
               

  

 

 

Chelsea against Liverpool (when Chelsea is Home) 

                                                                                                                                       

                                                                                          
 
 
 
 
   
   
   

 
  
  
  

                             
               
               
               

  

 

Liverpool against Chelsea (when Liverpool is Home) 

                                                                                                                                       

                                                                                        
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  

 

Chelsea against Arsenal (when Chelsea is Home) 

                                                                                                                                      

                                                                                  
 
 
 
 
   
   
   

 
  
   
  

                           
               
               
               

  

Arsenal against Chelsea (when Arsenal is Home) 

                                                                                                                                       

                                                                                            
 
 
 
 
   
   
   

 
  
  
  

                            
               
               
               

  

 

 

Predictions on Man U vs Chelsea Games (when 

Man U is Playing Home) in EPL from 2020/2021 to 

2023/2024 

The prediction of Man U vs Chelsea in 2019/2020  

EPL is the initial state vector         , 



which implies that Man U has a 100% chances of 

winning Chelsea. 

In 2020/2021 Man U vs Chelsea Game (Man U is 

playing home), the prediction is obtained as 

                 
               

               

               

  

                                            (23) 

In 2021/2022 Man U vs Chelsea Game (Man U is 

playing home), the prediction is obtained as 

           

                    
               

               

               

  

                                                    (24) 

In 2022/2023 Man U vs Chelsea Game (Man U is 

playing home), the prediction is obtained as 

           

                    
               

               

               

  

                                                    (25) 

In 2023/2024 Man U vs Chelsea Game (Man U is 

playing home), the prediction is obtained as 

           

                    
               

               

               

  

                                                    (26) 

The process in equations 25, 26, 27 and 28 is 

repeated for the games between Chelsea vs Man U 

(when Chelsea is playing home). Table 9 gives the 

predictions for 2020/2021, 2021/2022, and 

2022/2023 EPL for Man U vs Chelsea, and Chelsea 

vs Man U 

Table 9: Predictions on Man U vs Chelsea, and Chelsea vs Man U Games for 2020/2021, 2021/2022, and 

2022/2023 EPL  

Matches EPL Prediction  

2020/2021 2021/2022 2022/2023 2023/2024 

Man U vs 

Chelsea 

                                                                        

Chelsea vs 

Man U 

                                                                        

 

Table 9 shows that in 2020/2021 EPL season, as Man 

U is playing home Man U has 42% chances of 

winning Chelsea, 29% chances of losing to Chelsea 

and 29% chances of drawing with Chelsea; in 

2021/2022 EPL season, Man U has 49.5% chances of 

winning Chelsea, 12.2% chances of losing to Chelsea 

and 38.3% chances of drawing with Chelsea; in 

2022/2023 EPL season, Man U has 49.9% chances of 

winning Chelsea, 14.4% chances of losing to Chelsea 

and 35.8% chances of drawing with Chelsea, and in 

2023/2024 EPL season, Man U has 49.6% chances of 

winning Chelsea, 14.5% chances of losing to Chelsea 

and 36% chances of drawing with Chelsea. 

When Chelsea is playing against Man U, while at 

home, in 2020/2021 EPL season Chelsea has 37.5% 

chances of winning Man U, 0% chances of losing to 

Man U and 62.5% chances of drawing with Man U; 

in 2021/2022 EPL season, Chelsea has 51.6% 

chances of winning Man U, 0% chances of losing to 

Man U and 48.4% chances of drawing with Man U; 

in 2022/2023 EPL season, Chelsea has 48.4% 

chances of winning Man U, 0% chances of losing to 

Man U and 51.6% chances of drawing with Man U, 

and in 2023/2024 EPL season, Chelsea has 49.1% 

chances of winning Man U, 0% chances of losing to 

Man U and 50.9% chances of drawing with Man U. 

4. Conclusion  

The aim of this paper is to obtain the optimal 

strategies and to make future predictions based on the 

game theory and Markov chains involving the EPL. 

After examining and analyzing the scorelines, it is 

best that Player A should purchase Man U for profit 

maximization and Player B should purchase Chelsea 

for loss minimization. Man U has a greater winning 

chances against Chelsea while playing home and a 

lesser chance of losing to Chelsea, while Chelsea in 

the other hand, has a very low chance of low of 

losing to Man U, but a greater chance of drawing 

with Man U. which implies that Man U is better at 

home than Chelsea. However, based on the findings, 

the winning potential of Chelsea against Man U 

increases as EPL Season increases, while Man U’s 

winning potential fluctuates. 
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