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Abstract: Routing is very important in team sports as well as in many parts of daily life. On 01.07.2018, in the World 
Cup tournament organized in Russia, Spain lost the match with a penalty shootout although it performed a 
higher number of passes. As a result of the elimination of Spain despite its very high ball possession, the 
nature of modern football doesn’t necessarily require the multiplicity of passes. It is important to know where 
the passes are done, rather than high amounts of them. This study has simulated a mathematical model by 
bringing a different interpretation to the categorization of pass throws.

1 INTRODUCTION 

In recent years the interest of the world in football has 
been increasing. The economies formed in football 
organizations are developing many industrial sectors. 
Increased interest has enhanced the importance of 
every moment in the game. Many companies have 
made measurements about the tactics and the players 
within the football game. Since these measurement 
data is high confidence level, they give significant 
results for the game. In this study, a mathematical 
model was created in order to use these data more 
effectively. Similar scenarios are used between the 
logistics management and the football game for the 
model. The purpose of the study is that build a 
mathematical model by using this data set. Thus this 
mathematical model provide to determine the best 
attack route within the game for a team. 

2 MANUSCRIPT PREPARATION 

2.1 Literature 

Over the last 50 years there has been a lot of 
publication on optimization in sport (Wright, 2009). 
The rules of the game in team sports were also 
effective in speeding up the game (Takeuchi et al., 
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2014). Football is a dynamic game as a course of its 
nature (Barghi, 2015). Football is a team game and 
the team's arrangement within the pitch is important. 
High level of communication among players is 
important for success (Grund, 2012). In addition the 
team arrangement in digital game industry and in 
robot game technology has been seen to have a 
serious impact on team results (Razykov, 2006). 

The amount and importance of big data is 
increasing day by day. This big data take an important 
place in football. Many measurement companies 
make serious measurements of the game and players. 
Opta Sportsdata is an academically reliable company 
that makes these measurements (Liu et al., 2013). 
Opta Sportdata data was also used to determine a 
strategy for the football team (Stein et al., 2017). In 
addition, another study aimed at the best players 
selection for team squad (Tavana et al., 2013). In 
Gudmundsson and Horton's study, spatio-temporal 
data is used instead of classical percentage data 
(Gudmundsson and Horton, 2017). Yet another study 
has developed a clustering model for all time-spatial 
routes that have ended with a goal (Hirano and 
Tsumoto, 2005). 

Passes between players takes an important place 
in football. In a study conducted for 4 major leagues 
in Europe, it was indicated that the teams with the 
high pass were in higher places in the score ranking 
(Cintia et al., 2015). The effect of the passes on the 
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Spain National Football team's game was told to be 
very important (Pena and Touchette, 2012). The 
passes also vary according to the way the ball 
tranships (Malqui, 2017). The problems of logistics 
and football are quite similar. Krishnan and Rao's 
transshipment model between two points in their 
study has been implemented in this study (Krishnan 
and Rao, 1965). 

2.2 Model Creation 

This study was started by reference to a transshipment 
problem model. After that the study was followed 
with regard to the steps below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Passes of a player in a match. 

Each pass in a season of Başakşehir F.K is 
analyzed according to ࢞૚, ࢟૚,  .૛ coordinates࢟	݀݊ܽ		૛࢞
Each player's passes are converted by using the 
formula 1, 2, 3 and 4 according to the 4 main 
directions that are left, right, back and forward. 

ଶݔ െ ଵݔ ൐ 0 ⇒ ݂ ൌ ଵݔ െ ଶ (1)ݔ

ଶݔ െ ଵݔ ൏ 0 ⇒ ܾ ൌ ଵݔ െ ଶ (2)ݔ

ଶݕ െ ଵݕ ൐ 0 ⇒ ݎ ൌ ଵݔ െ ଶ (3)ݔ

ଶݕ െ ଵݕ ൏ 0 ⇒ ݈ ൌ ଵݔ െ ଶ (4)ݔ

ఒܲ ൌ ሺห ఒܵ
ଵหሻ /ሺ ห ఒܵ		

ଵ ∪ 	 ఒܵ
଴ห) (5)

In this formula; 
ఒܲ: Percentage of pass success for direction λ.  

λ={r, l, f, b}  

ࣅࡿ
૚: Set of successful passes. 

ࣅࡿ
૙: Set of unsuccessful passes. 

The data obtained were calculated in 
meters according to the measurements of the 

pitch and categorized for each player of 
Başakşehir F.K' squad. 

The measurement data obtained are 
separated into ࢞૚, ݕଵ, ૛࢞  .૛  coordinates࢟	݀݊ܽ	

Four target directions have been 
determined and the data is categorized as 

forward, backward, right and left direction. 

Passes are categorized by a scoring 
method according to how far the ball is 

brought closer to the penalty zone. 

The general score has been created as a 
result of the analysis of all seasonal passes 

for each player in 4 different directions.

General position of players in the pitch 
was determined according to the matches 

played by the players in a season. 

Player preferences have been determined 
for the squad of the team. According to the 

data we obtained in Step 6, players are 
assigned to zones. 

The two most successful options between 
possible players in the zone are determined to 

transshipment. 

In the scenario created, the model is 
intended to find the best combination of pass 
and player for the event of the ball passing 

through that zone during the match. 

The model is run for routes of three 
different positions of played match. 
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Figure 2: General pitch measurements. 

Although there is not any standard measure of a 
pitch in the world, most of the stadium size in Turkey 
are 68 meters wide and 105 meters long. The 
previously acquired data are processed according to 
size of the pitch in Turkey such as step 4. According 
to this, the formula 6 is used for right and left 
direction passes and the formula 7 is used for forward 
and back direction passes. 

ܽ	௜௝	௩ ൌ 	
ቚ
݁
2 െ ଶቚݕ

݁
∗ ଶݕ| െ  |ଵݕ

(6)

ܽ	௜௝	௛ ൌ 	
ଶݔ
ܾ
∗ ଶݔ| െ ଵ| (7)ݔ

i: Starting point of transshipment of ball for each 
pass. 

j: Ending point of transshipment of ball for each pass. 

 The success score of the vertical pass from i to :࢜࢐࢏	ࢇ
j. 

 The success score of the horizontal pass from i :ࢎ࢐࢏	ࢇ
to j. 

e: The length of the pitch where the match will be 
played. 

b: The width of the pitch where the match will be 
played. 

The 34 statement in the Formula 8 shows the center 
point of the pitch which is 68 meters wide. Therefore 
each ball transshipped to the center will have a high 
score. Similarly, the expression 105 in formula 9 
shows the length of the field. Thus, each pass that 
makes the ball approach the opponent's goal will be 
more valuable. 

ܽ ଵ ଶ ௩ ൌ
|34 െ |ଶݕ

34
∗ ଶݕ| െ ଵ| (8)ݕ

ܽ ଵ ଶ ௛ ൌ
ଶݔ
105

∗ ଶݔ| െ ଵ| (9)ݔ

The red and blue arrows in figure 1 represent 
successful and unsuccessful passes. Therefore I 
categorized the previously passes analyzed as 
successful and unsuccessful.  ܽ	௜	௝	௛ , 		ܽ	௜	௝	௩   are 
categorized as	ܽ	௜	௝	௟,		ܽ	௜	௝	௥ , ܽ	௜	௝	௕	 and	ܽ	௜	௝	௙ . 

ఒߤ ൌ
∑ ௗ೔ഊ

భ ା∑ ௗ೔ഊ
బೖ

೔సభ
ೖ
೔సభ

௡ഊ
    ሺ∀ߣሻ (10)

In this formula; 

ࣅࣆ :  The average score of the pass done in the λ 
direction according to ࢇ	࢏	࢐	,࢒		ࢇ	࢏	࢐	ࢇ    ,࢘	࢏	࢐	࢈	 and		ࢇ	࢏	࢐	ࢌ      

λ={r, l, f, b}   

ࣅ࢏ࢊ
૚ : The score of i th successful pass in direction λ.  

	݅ ൒ 0,݅ ൌ ܰ	, ݅	߳	ሺ	 ఒܵ		
ଵ ˅	 ఒܵ

଴	ሻ 

ࣅ࢏ࢊ
૙ : The score of i th unsuccessful pass in direction λ. 

 .Total number of passes made in direction λ :ࣅ࢔

 ݊ఒ	 ൒ 0, ݊ఒ =	ݏሺ	 ఒܵ		
ଵ ˅	 ఒܵ

଴	ሻ     		 

Linear Approach: 

The average score for the average distance is known. 
So we created a score data for any distance. Two 
different methods were used for this score. The linear 
approach formula is given below. 

ఒܲ௞
ప ൌ

ఒ௞ߤ ∗ ఒܲ௞	
݀௜௞

 (11)

݂݅ ఒܲ௞
ప ൑ 100, ఒܿ௞ ൌ ఒܲ௞

ప /100 (12)

݁ݏ݈݁ ఒܲ௞
ప > 100,   ఒܿ௞ ൌ 1 (13)

In this formula; 

࢑ࣅࡼ
ప : The success percentage at the desired distance 

for the direction λ of the player k. 
 The success percentage at the average distance  :࢑ࣅࡼ
for a season for the direction λ of the player k. 
 The average pass distance for the direction λ of :࢑ࣅࣆ
the player k. 
 The desired distance for i th pass of the player :࢑࢏ࢊ
k. 
Exponential Approach: 
A quadratic equation formula was used for the 
exponential approach. This formula is given below. 
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ఒܲ௞
ప ൌ

ఒ௞ଶߤ ∗ 	 ఒܲ௞

݀௜௫
ଶ  (14)

݂݅	 ఒܲ௞
ప ൑ 100, ఒܿ௞ ൌ ఒܲ௞

ప /100 (15)

	݁ݏ݈݁ ఒܲ௞
ప 	> 100,  ఒܿ௞ ൌ 1 (16)

ఒܿ௞ ൌ
1

ඨ
1

ܽ	௜	௝	௛ଶ
൅

1
ܽ	௜	௝	௩ଶ

 
(17)

ܿ௜௝௞ ൌ
1

ඨ
1

ܽ	௜	௝	௛ଶ
൅

1
ܽ	௜	௝	௩ଶ

 
(18)

 is the pass score at the desired distance for the :࢑ࣅࢉ
direction λ of the player k.   
 is the pass score at the desired distance done by :࢑࢐࢏ࢉ
player k from i to j.  
The football ball will horizontally and vertically 
change its position against the opposing goal with the 
pass to be thrown. The distance of the pass is 
converted to score according to formulas 7 and 8.  
The ࢇ	࢏	࢐	ࢎ	݀݊ܽ	ࢇ	࢏	࢐	࢜	scores in formulas 13 and 14 are 
as follows: 

ࢎ	࢐	࢏	ࢇ :  Back direction passes or forward direction 
pass is score converted by formula 7, 8. 
 Left direction passes or right direction pass is  :࢜	࢐	࢏	ࢇ
score converted by formula 7, 8. 
The following model is the interpretation of a 
transportation model according to the football game. 

Objective Function:              
Max   

෍෍෍c୧୨୩ ∗ xij
ଶ

୩ୀଵ

୫

୨ୀଵ

୫

୧ୀଵ

 (19)

Constraints: 

x୧୨୩ ് x୨୸୩   ሺ∀i, j, z, kሻ (20)

x୧୨ଵ ൅ x୧୨ଶ ൌ 1   ሺ∀i, jሻ (21)

∑ x୧୨
୫
୨ୀଵ,୨ஷ୧ െ ∑ x୨୧

୫
୨ୀଵ,୨ஷ୧ ൌ 0			  

	ሺ∀i ൌ 1,2, . . m ve	i ് γ, Fሻ   (22)

∑ xఊ୨
୫
୨ୀଵ,୨ஷఊ െ ∑ x୨ఊ

୫
୨ୀଵ,୨ஷ୧ ൌ െ1	  ሺ∀γሻ (23)

ቌ෍ ෍ xଵ୨

୫

୨ୀଵ,୨ஷ୧

௧

୧ୀఏ

ቍ െ ቌ෍ ෍ x୨୧

୫

୨ୀଵ,୨ஷ୧

௧

୧ୀఏ

ቍ ൌ 1 (24)

݂݅ ൝
x୧୨ ൌ 1, c୧୨୩ ൌ 0					

x୧୨ ൌ 0, 	c୧୨୩ ൌ 1
 (25)

,ݐ ߠ ൐ 0 (26)

x୨୧ ∈ ሼ0, 1ሽ     i, j =1,2,3,..m (27)

19:  The objective function is to maximize the sum of 
the scores according to the distance of k or v player's 
pass. The number 60 indicates that the football pitch 
was divided into 60 symmetric zones. 
m: it’s  indicates the number of parts that form the 
pitch. The football pitch is divided into approximately 
60 equal parts. Which corresponds to an area of 
approximately 1 square meter of each piece. m is 60  
for this model 
 Indicates whether the ball has been transferred :ܒܑܠ
from zone i to zone j. 

 .Indicates the pass score of k player from i to j :ܓܒܑ܋
S: It is a set of players who play in the first 11 of a 
team. (k, v ϵ	S)  
20: A player cannot throw pass to himself. 
21: One of the players k can throw pass from one 
zone. 
22: The ball must exit from that zone if it has once 
entered the zone. 
 In a game played, the ball is a zone where the ball :ࢽ
is taken from the opponent and where the attack 
organization begins. (	ߛ ൌ 1, 2… .݉ሻ  
F: is the region where the arc starting in the θ region 
and ending in the t region is terminated.  (θ, t ϵ F), 
{45, 46, 50, 51, 52, 53, 56, 57, 58, 59} ϵ F  
23: The ball can enter the pitch only from certain 
zones. 
24: The attack may only end in certain zones. 
25: Sub tour constraint. 
θ: The first of the effective regions for ending the 
attack. (ߠ	ϵ	F) 
t: The last effective region for ending the attack             
(t ϵ F ) 

2.3 Application of the Model 

The match   of Besiktas J.K with Basaksehir F.K in 
2014/15 season was investigated for this study.  The 
squad in of Başakşehir F.K. in the match was taken 
exactly   and the players assignments as in Figure 3. 
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Table 1: The scores of the players. 

No Score Left Right Forward Back 

#1 Points 8,810 7,827 16,88 0,042 

#80 Points 4,797 2,096 6,447 3,539 

#14 Points 7,006 5,387 6,661 4,628 

#15 Points 5,832 6,285 4,479 3,674 

#11 Points 2,472 4,043 7,312 3,960 

#7 Points 5,156 5,399 5,578 3,261 

#8 Points 4,838 5,774 5,298 3,459 

#5 Points 6,662 7,359 6,156 3,075 

#23 Points 5,119 4,888 4,443 3,422 

#17 Points 5,078 5,076 5,234 3,579 

#26 Points 3,202 4,491 3,962 3,172 

 

Figure 3: Regional assignment. 

Table 1 shows the scores of the players of 
Başakşehir for each direction. Formula 8 and 9 were 
used for this scoring. 

Table 2: The average pass success rates. 

No Ratio Left Right Forward Back 

#1 % 56,9 61,3 56,9 100 

#80 % 83,19 76,92 73,47 96,21 

#14 % 83,3 83,5 79,9 95,4 

#15 % 84,5 86,8 79 96,1 

#11 % 53,5 87,4 64,4 95,7 

#7 % 73,8 84,3 64,9 90,7 

#8 % 82,9 81 75,5 88,5 

#5 % 85,3 85,54 79,77 97,24 

#23 % 80,3 81,5 72,02 96 

#17 % 74,7 76,3 62,4 90,3 

#26 % 77,34 76,31 63,57 88,43 

The following figures show the Optasport routes and 
routes of the model. 

 

Figure 4: Attack at 6th minutes. 

 

Figure 5: Exponential approach at 6th minutes. 
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Figure 6: Linear approach at 6th minutes. 

 

Figure 7: Attack at 16th minutes. 

 

Figure 8: Exponential approach at 16th minutes. 

 

Figure 9: Linear approach at 16th minutes. 

 

Figure 10: Attack at 17th minutes. 

 

Figure 11: Exponential approach at 17th minutes. 
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Figure 12: Linear approach at 17th minutes. 

 

Figure 13: Attack at 26th minutes. 

 

Figure 14: Exponential approach at 26th minutes. 

 

 

Figure 15: Linear approach at 26th minutes. 

 

Figure 16: Attack at 43th minutes. 

 

Figure 17: Exponential approach at 43th minutes. 
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Figure 18: Linear approach at 43th minutes. 

3 CONCLUSIONS 

The reason for selecting these special minutes in the 
match is the success of the attack occurs in these 
minutes. In particular, the route in the 26th minute of 
match and route of the model using the linear data is 
quite similar. Apart from this, the linear and 
exponential approach for the 16th position of the 
match showed the same result. The first and end 
points of the position at 17th minute of the match are 
quite similar to the results of the linear approach.  In 
general, the linear approach shows quite similar 
preferences with actual routing, whereas the 
exponential approach has chosen to reach the 
effective zones with less passes such as counter 
attack.  
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