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ABSTRACT

This thesis treats the optimization of the line-up in soccer with real life data. The real life data
used in this thesis consists of 40 matches played by Ajax in 2011-2012. The data are provided
by Ortec TSS. With the data we created three profiles that will be matched to determine the
optimal line-up for Ajax. A player profile containing the grades for each skill, position profile
containing the grades of the skills required to play at a position and a team profile which adds
additional sets of constraints to the Integer Programming model based on the team statistics.
The team profile in particular is unique in the optimization of the line-up. These three profiles
are matched with an IP model to optimize the line-up. The results obtained with the model are
almost equal to the preferred line-up of the coach in 2011-2012. The only disadvantage of the
methods used is that some players are overvalued or undervalued at some positions. This can
be caused by the fact that the data we possess does not contain the physical skills of the
players, only technical skills are included.

keywords: optimization, soccer, profiles, grading skills, matching problem.
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CHAPTER 1 : INTRODUCTION

1 INTRODUCTION

Soccer or football are the most commonly used names for association football. To distinguish
the game from several other sports played with the foot in the 18th century the name
association football was coined. The modern rules we are familiar with nowadays dates back
on the mid- 19th century. The rules are determined in order to standardize the widely varying
forms of football played at the public schools of England. Soccer can be described as a sport
that is played between two teams of eleven players with a ball. It is played on a rectangular
field of grass, with a goal in the middle of each of the short ends. The purpose of the game is to
score a goal by driving the ball into the opposing goal. One of the eleven players on the field is
called the goalkeeper, the only player that is allowed to touch the ball with their hands or
arms. The other 10 players use their feet to kick the ball. The team that scores the most goals
at the end of the match wins. The game is played in total 90 minutes; after 45 minutes there is
a break of 15 minutes. It is also possible that the game ends with a tie and depending on the
format of the competition it is possible that a draw is declared or the game goes into extra
time. If after extra time the score is still equal a penalty shootout will determine the winner.

Nowadays, soccer is played at a professional level all over the world. It is the world's most
popular sport which is played by over 250 million players in over 200 countries. A lot of
people go regularly to football stadiums to follow their favourite team or just to enjoy the
game. Football has also the highest global television audience in sports; billions watch the
game on television or on the internet. This happens especially during international
tournaments when national teams are playing like the FIFA world cup.

Because of the global popularity of soccer, huge sums of money are involved in soccer, from
player wages to transfer fees. Soccer clubs are companies; they invest, have employees and
even own properties. The players and the technical staff are a small but important part of the
employees for a soccer club. One way to increase profits significantly is to win competitions.
To win a competition the players have to perform better than their opponents. Besides the
individual performance of players, teamwork is an important aspect in soccer. The
performance of a team is dependent of the line-up of the team, which consists of 11 team
members with different skills on each position. The fact that a manager is allowed to change
only 3 players of the 7 available substitutions during a match makes the decision of the line-
up even more crucial.

Nowadays computers are used to support people with various decisions. In soccer computers
are generally used to keep up statistics during matches. These statistics could be used to
support the technical staff. This is the part where management science is needed. One way to
support the technical staff is determining the optimal line-up. This can be seen as matching
the supply of players with the demand on the positions of the team. In soccer these are the
starting eleven which must be decided out of all available players in a team. In general a team
consists of 25 main players and in case of a lot of suspension or injuries, players from the
youth squad could be added to complete the starting eleven.
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CHAPTER 1 : INTRODUCTION

The goal of this thesis is to find the optimal line-up for a soccer team; the questions stated
below have to be answered to find the optimal line-up.

= What kind of historical data is available?

=  How do we relate the qualities of a player with the data?
=  Which qualities are needed on a specific position?

=  How do we describe teamwork with data?

= How do we determine the optimal line-up?

First we should take a look how the technical staff determines the line-up in general. Then a
description of ORTEC TSS will be given, the company that provides us the data. This chapter
will end with the thesis outline.

1.1  SELECTION OF LINE-UP

The head of the technical staff in soccer is called the coach of the team. The coach is the one
responsible for the team and the one that will be judged on the performance of the team. One
of the tasks of the coach is determining the line-up before a match. The decision of the line-up
depends on the formation, tactics and the available players. A formation is the composition of
the positions of the eleven players. Because every formation needs one goalkeeper, there are
10 variable positions. Widely used formations are 4-4-2 and 4-3-3; the first number
corresponds to the number of defenders, the second to the number of midfielders and the last
to the number of attackers. Tactics of a team can be described as the game play of a team; this
can be an attacking one or a defensive one for example. The coach also provides individual
tactics to the players depending on their qualities. To decide the line-up, the coach needs a
formation which he prefers. Depending on the strength of the team or the opponent the
formation can change. This can happen before or during the match. The same strategy holds
for the tactics of the team and players. It is mentioned before that the combination of the
tactics and the formation is essential in team sports. Finally, the coach needs to judge the
qualities of the players in order to assign them to positions where he thinks the player fits
best. The players are judged in general during training sessions and during matches. During
training sessions and friendly games it is usual that the coach experiments with different
tactics, formations and the positions of players. This happens in general before the start of a
season, if the technical staff is new to the club or new players have been purchased.

Players
b
Line-up
Dl}sewa_tlons Formation Positions
Technical
Staff d
Tactics

Figure 1.1 - Schematic view of the selection of the line-up by the coach
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CHAPTER 1 : INTRODUCTION

The procedure described above is the selection of the line-up in practice; it is what happens in
reality so it is important for us to approach this procedure. In figure 1.1 a schematic view of
this procedure is shown. This figure shows us what information we need to support the
technical staff with the selection of the best line-up. From the figure we see that we need the
qualities of the players and the qualities needed at the positions to decide the line-up. To
determine the qualities at the position a formation and team/individual tactics are needed.
These qualities are currently obtained from the observations of the technical staff during
training sessions and matches.

1.2 ORTECTSS

Ortec was established on April 1, 1981 in the Netherlands. In the past 30 years the ORTEC
group has grown to one of the largest providers of advanced planning and optimization
software solutions and consulting services. ORTEC Team Support Systems (ORTEC TSS) a part
of the ORTEC group is responsible for developing decision support software for sports based
on operational research methods.

The software used for soccer is called Effectivity in Action (EiA) and it is used by analysts to
measure team and player effectivity. Since 2007 ORTEC TSS analyzes every match played in
the Dutch Eredivisie and the Belgian Jupiler Pro League. Besides these two, several other
competitions in Europe and international tournaments are analyzed as well. Thus many data
are available at ORTEC TSS for a number of soccer competitions in Europe and the rest of the
world. The information available at ORTEC TSS consists of the time, type, location and the
grade of the actions performed by the players. An example of the action would be a pass of
player X at location (x, y) in the 6t minute with grade 4. The grade is based on the likert-scale
which will be explained further in chapter 4.3. This information is currently used to create
detailed match report, effectivity graphs that are shown in a Belgian newspaper and online for
a Dutch newspaper which is called the live widget. The goal of ORTEC TSS is to make
(team)sports more intelligible and more attractive for the athlete, club/trainer and staff,
sponsor, media, scouts/agencies and the fans. This thesis will discuss the determination of the
optimal line-up in soccer by using the data from EiA.

1.3  THESIS OUTLINE

The thesis is set up as follows. First a detailed problem definition will be given. In this chapter
we will discuss what we need to build the decision support program and our main research
question will be formulated. Literature related to our study will be presented in chapter 3. In
chapter 4, we describe the dataset provided by ORTEC TSS. Chapter 5 will discuss and give a
clear description of the methods used in the thesis. The results obtained by the methods will
be shown in chapter 6. The last chapter contains the conclusion of this thesis with the
strengths and weaknesses of the model and suggestions for further research on this topic.
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CHAPTER 2 : PROBLEM DEFINITION

2 PROBLEM DEFINITION

A problem every coach of a team faces is to decide the line-up. The line-up in soccer can be
described as the eleven players starting the match on the field. In management science terms,
this problem is matching the supply of players with the demand on the positions in the team.
A more common description will be assigning the players to the right positions on the field
where they can perform at their best. This thesis will treat the optimization of the line-up, the
starting eleven before a match. The optimization of the squad; which is the starting eleven and
the 7 substitutions is the next step of the coach after determining the line-up. With the
optimization of the squad it is possible to anticipate on events during a match, this is out of
our research’s scope. In order to optimize the line-up we need to distinguish the players skills
and the quality of those skills. To do this we first need to answer the questions stated below:

= Whatis a skill?
=  Whatis quality?

In this chapter we will first give a clear description of the terms skill and quality. In the next
part, we will describe how we can obtain the required skills from the given data. This is an
important part of the thesis because it will serve as input for the optimization procedure. The
remainder of the chapter will describe how the procedure of the selection of the line-up
shown in figure 1.1 can be approached.

2.1  WHAT IS SKILL AND QUALITY?

The title of this thesis is 'Optimizing the line-up in soccer with real-life data'. The first question
that arises after reading the title is 'What is optimal in sense of soccer?'. The optimal line-up in
this thesis will be the best possible line-up with respect to the soccer skills of the players. In
order to optimize we need to know the quality of a soccer skill. In a game like soccer there is
not only one soccer skill, but many skills that are needed. Depending on the position of the
player and tactics given by the coach, several different combination are needed at different
positions on the field. This is why we need a clear description of the terms skill and quality.

2.1.1 SKILL

In Collins [2006] skill is defined as 'a special ability in sports, the ability acquired by training'
and as 'a trade or technique, requiring special training or manual proficiency'. The classical
definition of skill is 'the learned ability to bring about pre-determined results with maximum
certainty often with the minimum outlay of time or energy or both', Knapp [1977].

These three definitions of skill have in common that a skill is an ability that can be trained, so
it can change over time in positive or negative sense. The definition of Knapp speaks about
pre-determined results which is not always the case in sports. This is because in a free-
flowing team sport like soccer, the results of a pass for example depends on the reactions of
the teammates and the opponent. The right action has to be performed at the right time. One
good pass does not say anything about the skill of the player. We want to know the quality of
the skill.
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2.1.2 QUALITY

According to Collins [2006] quality can be defined as 'a distinguishing characteristic or
attribute', 'the basic character of nature of something' and 'the degree or standard of excellence'.
We want to know the quality of a certain soccer skill like passing. To distinguish a skill
between players it is also important that we know when a player is not suitable in performing
a skill. Therefore we want to measure the quality in a number; grade it. An example would be
a player that has mastered a skill and can get grade 10 out of 10.

2.1.3 QUALITY OF A SOCCER SKILL

With the definitions of quality and skill given in the previous parts we can now describe what
the quality of a soccer skill is. First we will describe what a soccer skill is. A soccer skill can be
described as a ability that is used in soccer which can be acquired by training. Not all abilities
can be mastered by everyone just by training, some people might have a talent for some skills
and are better in performing them. As Knapp [1997] cited: 'Soccer is a game that is categorized
as a free-flowing game requiring the execution of many aspects of skill in a dynamic context'. In
other words, a player might have a good technique but if he does not perform the right action
at the right time (skill) then he becomes an 'almost’ useless player.

We will use historical data to measure the quality of soccer skill, not by just looking at one
action performed in one game but by looking at each action separately over several matches.
By doing this we will be able to distinguish the quality of soccer skill for any player.

2.2 OBTAINING RELEVANT DATA

The next step in our analysis is to obtain the necessary information from the data. In sports
like soccer, data is stored per match which cannot be used directly for our purpose. This is
because the performance of a player in one match is not informative enough to reflect the
players’ skills. In figure 1.1 we see that with the observations of the technical staff the skills of
the players, formation and tactics are decided. To support the technical staff this information
must be obtained from the database. First the actions stored in the database must be
translated into soccer skills for players. This will be called the player data we need; it must
contain all skills in order to judge the capabilities, which can be used later used to match it
with a position. Our first sub-question will be:

=  How do we translate the actions in the database into soccer skills of players?

The tactics and formation can also be obtained from the database. The formation will not
change a lot, so it can be assumed fixed for a specific team. As mentioned before in soccer we
have individual and team tactics. So we need team data which describes the tactics of a team
and tactics given to the players on specific positions. The individual tactics obtained from the
team data are needed to determine which qualities are necessary to play at a given position.
The next sub-question we need to answer is:

= How do we reveal descriptive statistics related to individual and team tactics with
historical data per match?
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2.3 CREATING PROFILES

With the skills and the team data obtained from the database, profiles can be created. Figure
1.1 shows us that at least two different profiles are needed, one expressing the qualities of
players skills and one expressing the minimum needs of the skill at different positions. The
player and position profiles are essential, but in order to approach reality with the
optimization a team component should be included. An additional profile is needed in our
approach and this will be called the team profile, the profile expressing the team tactics.

A disadvantage of the database is that we only possess information of the matches and not the
training sessions. This means that the profiles will be based only on the information obtained
from the matches. Figure 2.1 shows a soccer field with all possible positions a player can be
assigned to. With these positions any soccer formation can be created. The abbreviations are
listed in table 2.1. If we exclude the goalkeeper in figure 2.1 we see that we have five lines on
the field. The locations of the lines shown in the figure below are not the exact positions
because the exact positions are dependent of the tactics. The defensive line could be closer to
the midfield if an attacking tactic is used for example.

Abbreviations of the positions

GK  Goalkeeper L Left

D Defender CL  Central-left
DM  Defensive Midfielder | C Central

M Midfielder CR  Central-Right
AM  Attacking Midfielder | R Right

F Forward

Table 2.1 - Abbreviations’ of the positions given in figure 2.1

-/ DL I'u'IIL AML \
DCL DMCL MCL AMCL FCL
GK DC DMC MC AMC FC
DCR DMCR MCR AMCR FCR

DR I'I.I'IIR AMR /_

Figure 2.1 - Positions shown in soccer field
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2.3.1 PLAYER PROFILE

From the player data containing the skills of each player, profiles can be created for each
player. The profile must contain grades for all the skills of the player. Some examples of soccer
skills are short-passing, long-passing, crossing and heading. All these skills should be graded
separately in order to determine the quality of each skill. Besides a list of skills it is possible to
also add the position to the profile where the player has played in many matches. The sub-
question we obtain from this sub-section is:

=  How do we grade the skills of the players?

2.3.2 POSITION PROFILE

The position profile is similar to the player profile; it is the same list with the soccer skills. The
difference with the player profile is that the team data will be used to determine the minimum
qualities of the skills needed to play at the position. A profile for a position also depends on
the tactics (obtained from team data) and the formation (given). For this reason different
profiles could be created for similar positions like MCL and MCR. One of the midfielders could
have a defensive task of intercepting the opponent as much as possible and one can be the
playmaker responsible of leading his teammates. This is why similar positions could have
different tasks which are depending on the tactics and formation. Besides the grades the
position profile should distinguish between the important skills needed at the position and
the less important skills. This can be done by weighting the skills, the important skills will get
a higher weight than less important skills. It is still possible that the data does not reflect the
importance of some sKills for some positions, this is because the data consists of actions and
there is a lack of physical and mental skills. To create the position profiles the next sub-
question must be answered:

=  How do we weight the skills for the positions in order to distinguish different tasks for the
positions given the formation and tactics?

2.3.3 TEAM PROFILE

Besides the player and position profiles, a team profile is needed to approach reality with the
model. This is because the determination of the optimal line-up is not only dependent of the
individual qualities of the players, teamwork is essential in sports. The team profile will
express the cooperation between players depending on the tactics and the formation of the
team. This will be done by examining the statistics that occur at the different lines separately.
In soccer we can distinguish between the horizontal lines which are the defenders,
midfielders , attackers and vertical lines left, right flank and centre. Checking the statistics at
the different lines could provide us more information about the tactics in order to determine
the teamwork. As mentioned before the formation is given and the team tactics are obtained
from the team data. The sub-question of this section is defined as:

=  How do we expose and grade the quality needed for every line/flank based on the team
tactics?
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2.4  MATCHING PROFILES

The optimal line-up of a soccer team could be obtained in several ways. A simulation model
could be used to decide the optimal team. The database provided is not sufficient to use a
simulation. This is because the database only contains actions of players. In a simulation we
would need more than actions; mental and physical skills are necessary to do a realistic
simulation of a soccer match.

Another way is to match the profiles described in the previous section. The team profile will
give the necessary information depending on the tactics for a given formation. The position
profiles contain information of the essential skills needed to perform at a given position and
finally the player profile provides information of the capabilities of a player. The position and
player profiles can be matched to evaluate the performance of the players at a given position.
The team profile will be used to judge the team; by adding the team profile the optimal line-up
would not depend only the player and position profile.

A useful model to match the three different profiles is using a integer programming model to
obtain the optimal line-up. With the optimal line-up we mean the starting eleven before a
game. Our final sub-question is:

= Which IP model do we use to match the profiles in order to optimize the line-up?

25 GoAL

The goal of the thesis is to build a decision support program which will be able to optimize the
line-up of a soccer team with real-life data as input upon request by ORTEC TSS. A large
database from the system EiA is available at ORTEC TSS and they wish to use the database for
more purposes. The requirements of ORTEC TSS are that the program is able to use the EiA as
input and has a team-component. This was not possible at their previous program named
Coach & Scout Assistant. Our idea to fulfil the requirements of ORTEC TSS is to use the
database to obtain relevant data in order to create profiles. These profiles must be able to
reflect qualities of players and the tactics of a team. Finally the profiles must be matched to
optimize the line-up of a team. To reach our goal the sub-questions defined in the previous
sections must be answered. The sub-questions are summarized below.

=  How do we translate the actions in the database into soccer skills of players?

=  How do we reveal descriptive statistics related to individual and team tactics with
historical data per match?

=  How do we grade the skills of the players?

=  How do we weight the skills for the positions in order to distinguish different tasks for the
positions given the formation and tactics?

=  How do we expose and grade the quality needed for every line/flank based on the team
tactics ?

= Which IP model do we use to match the profiles in order to optimize the line-up?

We can split the procedure in the thesis into 3 parts. The first part is obtaining relevant data of
the players and the team. The first two sub-questions are related to the first part. The second
part of the thesis can be described as using the data obtained from the first part to create the
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player, position and team profile. The 3rd till 5th sub-questions are related to the profiles. The
last part consists of matching the profiles to come with an optimal line-up; our final sub-
question covers this part. Our main research question covering all three parts with the sub-
question will be:

= How do we optimize the line-up in soccer with a real-life database containing only
actions during a match?

The procedure described in this chapter is summarized below and in figure 2.2 a schematic
view is given. The data of the players and teams will be obtained from the TSS database. With
the team data we can define the team tactics and for a given formation the team profile can be
created. To create the position profile we need the formation and the team tactics again. The
player profile will be created using the data of the players. These three profiles will be the
input for the Integer Programming model. A detailed description of the procedure depicted
below can be found in chapter 5.

Data Player
Player Profile
Team Position
Tactics Profile

Line-up
Actions in
Matches

Team
Profile

Figure 2.2 - Schematic view of procedure in thesis
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3  LITERATURE REVIEW

In this chapter we will discuss articles related to our thesis. A lot of articles are written about
soccer; but the majority of those articles are about betting and predicting match scores. The
research done on the optimization of the line-up is limited. First we will discuss some
interesting articles concerning team sports. Most of the articles will be about Coach & Scout
Assistant or are based on it. The second part will cover similar studies in other areas.

3.1  SIMILAR STUDIES IN TEAM SPORTS

3.1.1 SOCCER

Comparable optimization results have been obtained by Boon & Sierksma (2003). This paper
discusses a method to obtain the optimal team formation for soccer and volleyball. A basic
Integer Programming Model is used to match quality supply and quality demand for soccer. In
case of volleyball things are more complicated because a player does not have a fixed position.
The input for the integer programming model consists of two quality lists, a position-score
table and a player-score table. In the position-score table the relative importance of all
qualities are determined for each position, and players are valued for each quality in the
player-score table. The technical staff grades every player with a mark between 1 and 10 and
grades also the quality list in the position-score table. In practice it could be that several
position-score tables are needed to anticipate on changes between ‘offensive’ and ‘defensive’
tactics for example. A different tactic should be applied between playing against the previous
champion or a relegation candidate in the competition. Both tables are based only on expert
opinion so a human error factor is possible, demand and supply is subjective and it is time
consuming for the coach to obtain the needed information.

Player-Score
Tabhle

> !

Maodel
) . Paosition-Score
Formation
Table

Figure 3.1 - Schematic view of Coach & Scout Assistant procedure

The player-score and position-score table form the input data for the program called Coach &
Scout Assistant (CSA). The input data will be transformed into a list of weights, reflecting the
performance of the players on any of the positions. With these weights the optimal formation
can be determined. The main added value of the model is that it can be used for scouting. The
difference between CSA and our procedure can be explained with the use of a schematic view.
In figure 3.1 a schematic view of the procedure in CSA is depicted. If we compare the figure
with figure 2.2 we see that the main difference is that CSA is based on expert opinion. We will
use real-life data in order to optimize the line-up. Another major difference is that CSA does
not contain a team component in the procedure.
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Sierksma (2006) introduces two computer support systems; namely Coach and Scout
Assistant and Effectivity in Action. The first system is used to calculate value-added and best
positions of scouted players and the second one is currently used to generate graphs that
reflect the effectivity of the teams during the match. A description of CSA is given in Boon &
Sierksma (2003). In EiA all actions of both teams are registered using touch screen computers.
For every action a score between 1-5 are given (the Likert scale). The main computer uses
these actions and scores to calculate the current effectivity of both teams in order to draw a
graph. As the match ends the teams receive an overall effectivity score, it is also possible to
present the scores for individual players. These graphs are used in newspapers and one club
uses it on a big screen in the stadium. The added value of EiA is that it uses analytical
formulas that apply correction on facts like that goalkeepers are fewer times in ball
possession than other players, also smoothing techniques are applied to obtain the effectivity
graphs. The data that will be used in this thesis is also obtained from EiA.

With the information provided by CSA it is possible to do more research. Siesling (2004) used
the calculations in CSA to determine the salaries of the players. The value-added of each
player on any position are generalized to one core-value in order to determine the salary. A
simulation is used to determine the salaries, injuries and suspension are taken into account in
the simulation. Further CSA is used as input for a support system to determine the optimal
training schedules for team sports named Soccer Training Support (STS) in Kleef (2005).
Given the strongest team composition from CSA; the STS system can apply two visions.
According to the first vision a player must train for his strongest position and the second
vision lets the player train for the position which improves the overall team performance.

In practice it is possible that the optimal line-up from CSA does not match with the
composition of the coach. In this case the information provided by CSA of scouted players is
not correct anymore because it is compared with a different line-up than the line-up of the
coach. In Kok (2005) this problem is tackled. Inverse optimizing techniques have been used to
match the coach’s team composition and the composition from CSA, with the coach’s
composition as input.

A different approach is applied in Duch, Waitzman and Amaral (2010). A network approach is
developed that provides a powerful quantification of the contributions of individual players
and of overall team performance. The performance of players in the European Cup 2008
soccer tournament are analyzed with the method. The method used is interesting but not
useful for our research because the team performance is analyzed per match. Oberstone
(2009) developed six independent variable multiple regression models to distinguish the
performance of English Premier League soccer clubs. With the method it was possible to
separate the top clubs from the middle and bottom clubs. The method applied in this paper is
interesting but not useful for our study; this is because the identification of the team rating is
based on only team statistics and not individual player performances. In Hirotsu & Wright
(2003) a dynamic programming approach is used to find the optimal substitution strategy for
a football match. Again the English Premier League data is used in order to maximize the
probability of winning or the expected number of league points. This is an interesting topic in
soccer but again not useful because it is out of the scope of this research. Our goal is to
optimize the line-up which can be described as starting with the best possible line-up to the
game, the anticipation on unexpected events like an injury or suspension of an player is out
the scope of this thesis.
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3.1.2 OTHER SPORTS

Baseball is a sport which provides many opportunities for the collection and evaluation of
numbers. This is because the discrete nature of baseball. It is one of the first sports in which
the analysis of statistics had been applied. The challenge in baseball was finding new
measures of baseball performance in order to evaluate the performance of baseball players.
The link between operational research and baseball is explained in Richard (2002). The paper
shows how the use of statistical analysis o