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Abstract 

Formation in soccer is among the most important tactical choices for a successful match. 

Herein, the simulations of 420000 match-plays have been performed varying the formation, the 

number of opponents that are actively pressing the team, the speed of the opponents in attempting 

a pass interception. Dribbling has been neglected. The match-play ends either with a successful 

series of passes from a central back to the line of the strikers or with the opponents that steal the 

ball. In this work, I demonstrate that 3-4-3 formation, which is among the most employed 

formations, relates to the highest probability of success. 

 

Keywords 

 

Network; Graph theory; Soccer; Performance analysis 

 

Introduction 

Soccer, with around three billion fans all over the world, is nowadays the most popular sport. In 

soccer the formation describes the position of the players on the pitch and it is one of the most 

important tactical choices of the team’s manager or coach. 

Many reports on various tools to analyse soccer matches have been published [1–4]. In 2010, Tenga, 

Roglan, and Bahr examine the effectiveness of offensive match-plays in terms of scoring 

opportunities, score box possessions, and goals scored [5]. Rein and Memmert introduce the 

employment of big data technologies to analyse soccer matches and to support the development 

of theoretical models of tactical decision making [6]. Recently, graph theory has been successfully 

used to describe and analyse soccer matches. Network metrics have been used to analyse offensive 

match-plays in matches, for example to study node (i.e., player) connectivity [7]. Image-based 

representations to encode temporal network changes employed to analyse soccer matches have 

been developed by Uchoa Maia Rodrigues [8]. To mention other examples, in 2016 Gama et al. 

publish the work “Networks metrics and ball possession in professional football” [9] and in 2019 

Korte et al. publish the work “Play-by-Play Network Analysis in Football” [10]. 

In this work, I simulate soccer match-plays with different formations, number of pressing opponents 

and number of attempts to pass the ball to the nearest neighbour teammate. I employ graphs in 

which the players are the hubs and the nearest neighbour pass trajectories are the links. The model 

is very light and allows a very large number of simulations. I find that the most efficient formation, 

in terms of highest probability to successfully pass the ball starting from a central back to the line of 

the strikers, is 3-4-3. 
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Methods 

In a certain formation the links between the nearest neighbour players are considered. In Figure 1, 

the players of the same team are depicted as circles and the links between the nearest neighbour 

teammates  as dashed lines. The “X” sign corresponds to the position in which a pressing opponent 

can intercept the pass. 

 

 

Figure 1. 4-4-2 formation. The players are depicted as circles. The dashed lines relate to 

the links between the nearest neighbour players. “X” sign corresponds to the position in 

which a pressing opponent can intercept the pass.  

 

In Figure 2, the flow chart of the algorithm is depicted. The considered pass is between a player and 

the nearest neighbour. The direction of the player’s pass is related to a random number between 1 

and 8. With the goalkeeper in the South (S) direction and the strikers in the North (N) direction, 1 

means N direction, 2 Northeast (NE) direction, 3 East (E) direction, 4 Southeast (SE) direction, 5 S 

direction, 6 Southwest (SW) direction, 7 West (W) direction, 8 Northwest (NW) direction. If the 

opponent is in the direction of the pass, the player will try a new pass, but the counter of attempts 

(Delay) is increased by 1. If Delay reaches the parameter MaxDelay the opponent intercepts the 

pass and the match-play ends (unsuccessful match-play). If the players succeed in passing the ball 

up to the line of the strikers the match-play ends (successful match-play). 
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Figure 2. Flow chart of the algorithm. The player chooses a direction for the pass; with 

no opponent in such direction the pass is successful. If the ball reaches the strikers line, 

the algorithm ends. If the opponent is in the direction of player choice, the player can 

choose again, but a counter of attempts (Delay) increases. If Delay is equal to MaxDelay 

the algorithm ends (intercepted pass). 

 

The parameters in the match-play simulations are the number of pressing opponents (6, 8, 10) and 

MaxDelay (10, 20). The pressing opponents are randomly distributed on the “X” and each “X” can 

only be occupied by one opponent. The algorithm is iterated 10000 times for a set of formation, 

number of opponents, and MaxDelay. With 6 different formations, the total number of simulations 

is 360000. 

In Figure A1 in the Supporting information we show the convergence of the calculation. The 

probability of success to reach the line of the strikers, the average number of passes and its standard 

deviation starts to converge with more than 1000 simulations. 

 

Results and Discussion 

In Table 1 the probability of success to reach the line of the strikers with a certain set of formation, 

number of pressing opponents, and MaxDelay is reported. 
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Table 1. Probability to reach the line of strikers with different formation, number of 

pressing opponents (# opponents) and maximum delay (MaxDelay). 

Formation: 4-4-2 

     # opponents 
 

MaxDelay 

6 8 10 

10 38.27 % 20.41 % 9.62 % 

20 71.82 % 45.84 % 25.38 % 

 

Formation: 3-3-3-1 

     # opponents 
 

MaxDelay 

6 8 10 

10 15.95 % 5.95 % 1.90 % 

20 48.58 % 21.47 % 8.92 % 

 

Formation: 4-2-4 

     # opponents 
 

MaxDelay 

6 8 10 

10 30.35 % 15.37 % 7.27 % 

20 55.99 % 34.84 % 17.16 % 

 

Formation: 4-5-1 

     # opponents 
 

MaxDelay 

6 8 10 

10 18.50 % 7.95 % 3.72 % 

20 46.22 % 22.93 % 10.81 % 

 

Formation: 4-3-3 

     # opponents 
 

MaxDelay 

6 8 10 

10 40.37 % 22.25 % 10.81 % 

20 71.32 % 45.99 % 25.55 % 

 

Formation: 3-4-3 

     # opponents 
 

MaxDelay 

6 8 10 

10 46.47 % 25.86 % 13.42 % 

20 78.44 % 53.74 % 32.57 % 

 

Formation: 3-3-4 

     # opponents 
 

MaxDelay 

6 8 10 

10 42.71 % 24.08 % 12.30 % 

20 74.88 % 49.98 % 28.67 % 
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The formation with the highest probability of success is the 3-4-3 formation. It is important to 

highlight that such formation has 3 strikers, and this increases the probability to reach the line of 

the strikers. Moreover, the network related to the 3-4-3 formation, in which the hubs are the 

players, has a relatively high number of links among the hubs (19). The 4-4-2 formation is related to 

a network with 19 links, as the 3-4-3 one, but with two strikers instead of three strikers. The 4-3-3 

has three strikers, but 18 links instead of 19 links. 

It is worth noting the 3-3-3-1 formation is characterized by a very low probability to reach the striker. 

With respect to a three-line formation this is a four-line formation, with an additional line of 

offensive midfielders, which are more upfield with respect to the line of defensive midfielders. 

 

 

Figure 3. Distribution of the number of passes in a match-play for the case of the 3-4-3 

formation, 6 pressing opponents, MaxDelay 20. 

 

In Figure 3, the histogram with the distribution of number of passes in a match-play is given for the 

case of the 3-4-3 formation, 6 pressing opponents and maximum delay (MaxDelay) of 20. The 

average number of passes in this simulation with 10000 match-plays is 4.63. The distribution has a 

long tail with a maximum number of passes equal to 39. 

 

Conclusion 

In this work, we have simulated 420000 different match-plays, varying formation, number of 

opponents that do pressing during the match-play, and maximum delay induced by the opponents. 

The match-play starts with the ball possessed by one of the central backs and ends either with the 

ball at the line of the strikers or with the ball intercepted by the opponents. Dribbling of opponents 

has not been considered. I demonstrated that the highest probability to reach the line of the strikers 

with the ball is achieved employing a 3-4-3 formation. A tactical choice with only passes to nearest 

neighbour teammates can be useful when fatigue is increasing and to support participation of all 
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players, since it has been observed that such participation decreases in the second half of the match 

[7]. The presented model can be improved by carefully taking into account the formation of the 

opponent team. 
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Appendix 

Convergence: In this work, for each set of formation, number of pressing opponents and value of 

MaxDelay, 10000 match-play simulations have been performed. In order to assess the reliability of 

this number of simulations, the probability of success to reach the line of the strikers, the average 

number of passes and the related standard deviation have been analysed as a function of match-

play simulations for each formation discussed in the paper. In Figure A1 the aforementioned 3 

values as a function of the match-play simulation (in log10 scale) is reported for the case of 3-3-3-1 

formation, 6 pressing opponents and value of MaxDelay equal to 20. Above 1000 simulations the 3 

values show small variations. Thus, an analysis with 10000 match-play simulations is reasonably 

reliable. 

 

 

Figure A1. Probability of success to reach the line of the strikers, average number of 

passes and related standard deviation as a function of the simulated match-plays for the 

case of 3-3-3-1 formation, 6 pressing opponents and MaxDelay 20. 
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