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An Integer Programming Formulation for Scheduling of 
the Icelandic Football League 

 
Abstract 
In this thesis, the process of generating a sport schedule for a round robin 
competition is automated. By automating the process, the scheduling time should 
decrease, and the schedule could potentially give a better solution by satisfying 
more requests from stakeholders.  
 
The main goal for this project is to create a mathematical model by using integer 
programming and a two-phase approach. The presented model is used to make a 
schedule for the men’s highest division in the Icelandic football league in 
collaboration with the Icelandic Football Association (KSÍ). The current 
scheduling process is rather manual. KSÍ rely on a fixed table alignment from the 
regulations. The competition committee gathers team preferences and puts together 
a list of the main constraints.  Next, they manually assign each team a number that 
best fulfills their wishes. The current process is time consuming and complex, this 
process can be greatly improved.  
 
When generating the model, firstly a pattern set with equally distributed breaks is 
generated and used as an input for the two-phase mathematical model. A break is 
when a team plays two or more consecutive games either at their home venue or at 
an away venue. In Phase I of the mathematical model a round robin schedule is 
generated while taking several hard constraints into account. A second model is 
generated to try and minimize the breaks in the pattern set. It is done using a large 
set containing all possible patterns. In Phase II of the mathematical model the teams 
are assigned to patterns using both hard and soft constraints and depending on team 
preferences. The schedule for the 2019 season had already been generated when 
this project was started. Therefore, preliminary results are presented by using real 
preferences and constraints sent in by the competition manager at KSÍ. These 
results are compared to the schedule which KSÍ generated.  
 
The integer programming model is able to return a good solution while taking both 
fairness and break minimization into account, as well as satisfying most of the 
requests by using a two-phase model approach. After comparing the schedule from 
KSÍ to the preliminary results in this project it is apparent that the model could be 
of great help to the competition manager at KSÍ as well as a time saver. 
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Heiltölubestunarlíkan sem býr til leikjaplan fyrir efstu 
deild karla í knattspyrnu á Íslandi 

 
Útdráttur 
Í þessu verkefni er ferlið við að útbúa leikjaplan fyrir hvert sumar gert sjálfvirkara. 
Með því að gera ferlið sjálfvirkara ætti tíminn sem það tekur mótastjóra KSÍ að 
útbúa leikjaplanið að styttast. Líkanið ætti að gefa betri niðurstöðu og gæti uppfyllt 
fleiri skorður og óskir liðanna.  
 
Markmið þessa verkefnis er að setja fram stærðfræðilíkan með því að notast við 
heiltölubestun og tveggja fasa aðferð. Líkanið sem er sett fram býr til leikjaplan 
fyrir efstu deild karla í knattspyrnu. Þetta verkefni er unnið í samstarfi með 
Knattspyrnusambandi Íslands (KSÍ). Núverandi ferli við að útbúa leikjaplanið hjá 
KSÍ er að miklu leiti handvirkt. KSÍ notast við hefðbundna töfluröð sem er í 
reglugerðum sambandsins. Mótastjórn KSÍ kallar eftir óskum hvers félags fyrir sig 
og setur saman lista yfir helstu skorður. Hverju liði er næst úthlutað því númeri í 
töfluröðinni sem best uppfyllir óskir hvers félags fyrir sig, mótastjórn ákveður þetta 
númer. Núverandi aðferð er heldur tímafrek og flókin í framkvæmd, þetta ferli er 
hægt að bæta töluvert. 
 
Þetta verkefni verður gert með tilliti til þess að reyna að lágmarka þann fjölda 
skipta sem lið spilar annaðhvort tvo heimaleiki eða útileiki í röð, slíkt kallast brot 
í mynstri. Í upphafi er útbúið mynstursett sem er með jafn dreifðum brotum. Það 
mynstursett er gert með tilliti til sanngirni þar sem hvert lið er með jafn mörg brot 
í mynstri. Mynstursettið er næst notað sem inntak í tveggja fasa stærðfræðilíkanið. 
Í Fasa I af stærðfræðilíkaninu er búin til áætlun þar sem öll lið spila hvort við annað, 
tvisvar sinnum á tímabilinu. Þetta er gert með því að notast við harðar skorður sem 
þarf að uppfylla. Annað líkan er útbúið til að reyna að lágmarka fjölda brota í 
mynstursettinu. Það er gert með því að útbúa stórt gagnasafn sem inniheldur öll 
möguleg mynstur. Í Fasa II af stærðfræðilíkaninu er hverju liði úthlutað númeri 
með því að notast við bæði harðar og mjúkar skorður auk þess að reyna að verða 
við séróskum liðanna. Leikjaplanið fyrir tímabilið 2019 hefur nú þegar verið birt, 
en engu að síður er útbúið líkan sem býr til leikjaplan fyrir það tímabil. Þetta er 
gert með því að reyna að uppfylla sömu óskir og skorður sem mótastjóri KSÍ notast 
við. Þær niðurstöður eru bornar saman við leikjaplanið sem KSÍ útbjó.  
 
Heiltölubestunarlíkanið skilar góðri niðurstöðu bæði með því að taka tillit til 
sanngirni og lágmörkun brota í mynstri. Líkanið nær einnig að fullnægja flestum 
óskunum með því að nota tveggja fasa aðferðina. Samanburður á milli 
leikjaplansins sem KSÍ útbjó og þess sem var útbúið með hjálp líkansins í þessu 
verkefni sýnir að líkanið getur verið mótastjóra KSÍ mikil hjálp þegar leikjaplanið 
er útbúið ásamt því að spara mikinn tíma og fyrirhöfn.  
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Chapter 1 

1Introduction 

The Icelandic football league is played during the summer months, from the end of April until 
the end of September. It can be a very challenging task to create a suitable sport schedule for 
the league. There are a lot of factors that should be taken into consideration. The schedule 
should address as many requirements and preferences as possible presented by the 
stakeholders. Before each season, the competition manager at the Icelandic Football 
Association (KSÍ) arranges the games in cooperation with the competition committee by using 
a fixed table alignment from the KSÍ regulations. This process is rather manual. 
 
One of the main requirements when creating a sport schedule is to minimize the number of 
breaks. A break occurs when a team plays two or more successive games in a row either at 
home or away. Another requirement is to have no breaks in the first and the last rounds. More 
factors that are of relevance are other competitions, for example the Champions League, UEFA 
Europa League, Cup games and national games. It is essential that while these competitions 
are being played, the league should take those games into account while preparing the 
schedule, especially while the Champions League and Europa League are being played. The 
teams that are partaking in those competitions must often travel long distances to play their 
games. Therefore, their request is to play their next league game at their home venue. When 
the National team is competing, a short pause in the schedule is required since some players 
on the national team also play in the Icelandic football league. Some teams have home or away 
preferences. For example, while a town is hosting a public festival, or a team is arranging 
tournaments for the junior leagues, those teams might request a home or an away game. Most 
sports leagues use a double round robin schedule for their tournament. A double round robin 
tournament is a schedule where each team plays all the other teams twice during the 
tournament, once at their home venue and once at the competitors’ home venue.  
 
The aim of this project is to automate the process of generating a sport schedule for each 
season. The main goal for this project is to create a mathematical model by using integer 
programming which results in a schedule for the highest division in the Icelandic football 
league. An integer programming model with a two-phase approach will be presented that will 
be used to generate a schedule for the 2019 season in the men’s highest division in the Icelandic 
football league in collaboration with KSÍ. To begin with a pattern set, a sequence of home and 
away games for each team, will be generated while taking several constraints into account. 
The first phase of the model will generate a round robin schedule that is compatible with the 
pattern set. The second phase produces the final schedule by assigning teams to patterns. Phase 
I and II will be modelled as integer programming problems. The pattern set will be generated 
in two ways, both manually and by an algorithm. The goal of the manual pattern set is to ensure 
fairness regarding the breaks for each team while the programmed pattern aims at minimizing 
the number of breaks. Finally, preliminary results for the 2019 season will be presented, using 
constraints and preferences given by the competition manager at KSÍ.  
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Chapter 2 

2Background 

This chapter defines the sports league scheduling problem along with describing the current 
scheduling process at the Icelandic Football Association.   

2.1 The Sports League Scheduling Problem 
The sport scheduling problem is a problem for competition managers all over the world. The 
main requirement is to generate a schedule that meets constraints and guarantees fairness. 
This problem is highly restrictive, and the optimizing objectives differentiate between 
leagues. Therefore, the sport scheduling problem is difficult to generalize and generating a 
feasible schedule with respect to the constraints and preferences can be a very difficult 
process.  
 
The main objective of creating a schedule is to assign two teams to play one game during 
each round. It is also about determining a suitable date for those games. All the teams should 
play once in each round, therefore, during that round they can only play one game. The 
opponent must change every round until every team has played each team once, either at their 
home venue or away. It depends on the format of the league how often the teams play against 
each other, for example it is very common that leagues use a double round robin format, 
where the teams play twice against each other. Another critical factor is the home-away 
pattern. Due to fairness, the schedule should contain as few successive home or away games 
as possible. Some leagues deal with stadium unavailability either during particular dates or 
when two teams share a venue. In many countries in Europe, more than one competition is 
taking place at the same time, for example the Champions League, Cup games and national 
games. Therefore, it is essential that while those competitions are all active at the same time, 
a short break should be generated into the schedule, so those games do not overlap. Some 
countries deal with the issue of having two or more teams located in the same city. The city’s 
police force is responsible for guaranteeing safety during their games. Therefore, there should 
be a limit on the number of games in the same city, so the police force can prevent 
hooliganism. Another constraint that may be taken into consideration is the television 
stations’ requests, they request a schedule which will raise their viewing numbers. Nowadays, 
linear broadcasting viewing has decreased a lot. Viewers often choose to watch their favorite 
television episodes using online streaming services. However, sport enthusiasts must watch 
their games using linear broadcasting to avoid the results being spoiled. Therefore, it is 
important that the schedule is generated with that in mind to increase television viewing as 
well as attendance to games. Some leagues add the constraint of having the top two teams 
from the previous year compete in the last few rounds of the competition, as it is expected 
that those teams will make a claim to the title. It can be complicated to arrange a schedule 
that takes all these constraints, and more, into consideration. 
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2.2 The Icelandic Football League 
The highest division in the Icelandic Football League is known as The Pepsi Max League. It 
is operated by the Icelandic Football Association (KSÍ). The national championship was first 
played in 1912 and at that time it only consisted of three teams. However, in 1947 KSÍ was 
affiliated to FIFA and finally gained UEFA membership in 1954 (UEFA.com, 2018). Today, 
the number of teams in the highest league has increased to twelve. As well as operating the 
highest division, KSÍ operates four lower divisions. The first, second and third division all 
contain twelve teams each. The fourth division is made up of four groups, where each group 
contains seven to eight teams. By combining the number of teams over these five divisions, 
the result is that there are around 80 teams playing in these divisions. The league is played 
from the end of April until the end of September. The UEFA ranked the Icelandic league 35th 
in Europe for the 2017-2018 season (“UEFA Country Coefficients,” 2018).  
 
The league has played a double round robin tournament (DRR) since 1959. The twelve teams 
play each other twice, once at home and once away. All the division have a mirroring 
symmetry, where the first half and the second half of the season are identical, except the home 
advantage has been inverted. The two lowest teams at the end of each season in the highest 
division are relegated to the first division and replaced by the top two teams of that division. 
This format also applies to the lower divisions, where they are promoted up and relegated 
down divisions. The fourth division has a different format where the top two teams from each 
group partake in a play-off stage where the top two teams are promoted to the third division. 
The winner of the Pepsi Max League enters the UEFA Champions League for the second 
qualifying round. The teams in the second and third place enter the UEFA Europa League for 
the first qualifying round. A summary of the five division can be seen in Table 2.1. The table 
states how many teams are in the competition, which round robin format each division uses, 
how the symmetry is and how many teams are promoted and relegated each season.  
 

Table 2.1 The five divisions in the Icelandic Football League 

 Teams 2019 Format Symmetry Teams promoted Teams 
relegated 

Highest 
division 12 DRR Mirroring 0 2 

First 
division 12 DRR Mirroring 2 2 

Second 
division 12 DRR Mirroring 2 2 

Third 
division 12 DRR Mirroring 2 2 

Fourth 
division* 31 DRR No 

Symmetry 2 0 

*The Fourth division is divided in four groups and has a playoff stage 
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The Icelandic Football Association also organizes the Icelandic Football Cup, 
Mjólkurbikarinn, which along with the Pepsi Max League, takes place during the summer 
months. The format of the cup is a knock-out competition and it is open to any team within 
the top four divisions in Iceland. The final game is played at the national football stadium, 
Laugardalsvöllur. The winners of the cup enter the first qualifying round in the UEFA Europa 
League. If the cup winners place in the top 3 places in the Pepsi Max League, the team which 
places fourth enters the UEFA Europa League.   

2.2.1 The Current Scheduling Process 

The current scheduling process at the Icelandic Football Association is rather manual. To gain 
better insight into this process, the competition manager at the Icelandic Football Association 
(KSÍ), Birkir Sveinsson, was contacted (Sveinsson, 2019).  
Before each season, the competition manager arranges the games, along with the competition 
committee, by using a fixed table alignment from the KSÍ regulations, Figure 2.1 (KSÍ, 2007). 
Each team is assigned a number decided by the competition committee. They decide the 
number by evaluating some of the most significant constraints. For example, each team sends 
their preferences for a home or away game to the board and they try to fulfil their wishes. 
Another constraint that they implement manually are the European Cup games. When the 
teams that are competing in the Champions League and the UEFA Europa Cup are playing 
those games, the competition committee tries to prevent them from having to travel long 
distances during that time by assigning a home game before or after they compete abroad. 
The television company has also been known to submit their requests regarding the schedule.  
When deciding the days that the games are supposed to be played, there are many issues to 
be considered. These issues can be the number of games played in the same day, referees, 
arena availability, national team projects, cup games and more. The competition manager 
uses a program called KSÍ Tournament System. This system contains information about the 
teams, referees, game reports, suspensions, player contracts and much more. The KSÍ 
tournament system is used to keep track of all the tournaments, everything from the highest 
leagues and down to junior league tournaments.  
 
Figure 2.1 shows the table alignment from the KSÍ Regulations. The games are arranged 
according to this table. The Icelandic Football League contains twelve teams and therefore 
arranges their games according to the lowest table in the figure. The schedule contains twenty-
eight breaks by using the table alignment, of which there are two patterns that have either 
three consecutive home or away games. Two patterns begin with a break of two consecutive 
home or away games and two teams have the perfect alternation of home and away games. 
Most teams have either two or three breaks during the season. By comparing the table 
alignment schedule to the 2018 schedule it is clear that a lot of changes were required when 
arranging the games for the season. The schedule for the 2018 season contained thirty-two 
breaks. Two of these thirty-two breaks were four consecutive home or away games and six 
breaks were three consecutive home or away games. The reasons for these changes that were 
made to the original table alignment can be various. The stakeholders send in their request 
and some of these requests are necessary. Another reason is that numerous issues regarding 
the schedule can surface, for example venue availability. To be able to grant most of the 
wishes made by stakeholders the competition board must adjust the schedule to fit these 
requests and issues. 
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Figure 2.1 The table alignment from the KSÍ Regulations   
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Chapter 3 

3Literature Review 

The literature review chapter introduces sports scheduling literature along with basic 
terminology, techniques used for sports scheduling and the competition formats and 
schedules used in Europe.  

3.1 Sports Scheduling 
The importance of sports scheduling has been increasing rapidly. The schedule affects 
attendance, public interest and profitability to broadcasters, sponsors and advertisers. There 
are many stakeholders in each league, for example the clubs, fans, TV and sponsors. Each 
stakeholder has their own requests and constraints, therefore there are many factors that 
should be included when dealing with sports scheduling. The schedule should be fair and 
acceptable for all stakeholders. 

3.1.1 Basic Terminology 

When scheduling a sports tournament there should be n teams partaking and playing against 
each other, over a certain period as (Dries Goossens, 2018) discussed. These teams are a part 
of a league which organizes the games between them. Each one of the games has an ordered 
pair of teams which is indicated by (i, j). Team i plays a home game at their own venue while 
team j plays an away game. The games are grouped into rounds and each round is played on 
one or more successive days. When the number of teams in a tournament is even, each team 
plays one game per round. If there are uneven number of teams, each team doesn’t play a 
game in a round during the tournament. When that happens, it is called to have a bye during 
that round. 

3.1.2 Round Robin Tournament 

When playing a round robin tournament, each team plays every other team in turns. In a 
single-round-robin tournament (SRR) each team plays every other team only once as (Dries 
Goossens, 2018) explained. Most sport leagues however play a double round robin 
tournament (DRR), where each team plays the other teams twice, once at home and once 
away. The season is often separated into two halves. In each half, each pairing occurs once, 
with different home rights. Some leagues play either triple round robin (TRR) or quadruple 
round robin (4RR).  
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The use of a symmetry scheme is common when creating a sports schedule as (D. R. Goossens 
& Spieksma, 2012) discussed. Many competitions use a mirroring scheme, where they begin 
with creating the first half of the schedule and then the second half is identical to the first one, 
except the home advantage has been inverted. More variations of a symmetry scheme exist 
and are being used. For instance, the inverted scheme, where the first half of the competition 
is repeated in reverse order for the second half. The French- and English Scheme have as well 
been used in various competitions. In the French scheme the games in the first and the last 
round are identical along with the games in round n-1+t and round t+1 where t = 1, 2, …, n-
2 and the home advantages have been inverted. In the English scheme the opponents of the 
last round in the first part are the same as the ones in the first round in the second part and 
round n+t in the second part corresponds to round t in the first part for t = 1, 2, …, n-2. 
Schedules with symmetry schemes are thought to add fairness to a competition since they add 
a considerable number of rounds between the games of two teams. Even though these kinds 
of symmetry schemes add fairness to the competition, they can limit the options while 
creating the schedule because of the constraints and requirements that have been set. 

3.1.3 Break optimization 

As Goossens indicates in their paper (Dries Goossens, 2018), whenever a team plays two 
consecutive games at either a home or an away venue they have a break in the schedule. 
When an even number of teams compete in a round robin tournament the schedule will feature 
at most two teams that have a perfect alternation. In a single round robin tournament where 
there are an even number of teams there will be at least n-2 breaks. Break optimization is very 
important for the perceived fairness of a tournament. Breaks should be minimized as much 
as possible. To keep the competition fair, it is preferable that none of the teams will either 
begin or end the season with two home games or two away games, as it is presumed to be an 
advantage or disadvantage, respectively. 
(D. R. Goossens & Spieksma, 2012) stated that in a double round robin tournament, a 
schedule with 2n-4 breaks can be generated. In a mirrored double round robin tournament, 
the minimum number of breaks is 3n-6. 

3.1.4 The Home-Away Pattern 

A schedule is a combination of home-away patterns and a timetable as (Dries Goossens, 2018) 
explained. The timetable determines which opponent each team is facing in a certain round. 
The home away pattern (HAP) is a sequence of home and away games for each team. When 
two patterns are paired together and feature one home game and one away game during each 
round, they are said to be complementary. For each game in the timetable the patterns must 
be compatible, one team should have the home advantage while the other team has an away 
game. 

3.1.5 Techniques used for sport scheduling problems 

Integer Programming (IP) is a mathematical optimization or feasibility program where at least 
one of the variables is restricted to be an integer value. It aims to maximize or minimize an 
objective function while satisfying a set of constraints (Chen, Dang, & Batson, 2010). 
IP can be very useful when modeling and solving the sports scheduling problem. When 
solving round-robin tournament scheduling, an integer programming solver can be applied as 
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(Kendall, Knust, Ribeiro, & Urrutia, 2010) carried out. If n and r denote the number of teams 
and number of rounds in a round robin tournament, most models can use the following 
variable definition:  
 
 Xi,j,t= 	1 if team i plays at home against team j in round t

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (3.1) 

 
for teams i, j = 1, …, n (with i	≠	j) and round t = 1, …, r. The constraints for a double round 
robin tournament can be formulated as: 
 

Xi,j,t = 1,    ∀ 1 ≤ i, j ≤ n, i ≠ j
r

t=1

 (3.2) 

 
 

 
Xi,j,t ≤ 1,    ∀ 1 ≤ i	≤ n, 1 ≤ t ≤ r

n

j=1

 (3.3) 

 
The first set of constraints ensures that every team plays every other team at home. The second 
set guarantees that each team doesn’t play more than one game in each round. A variety of 
integer programming methods can be used to solve real league scheduling problems as well 
as theoretical problems such as break minimization and the traveling tournament problem. 
These methods are the Branch-and-Bound, Branch-and-Cut, Bender Decomposition and 
column generation. It is common to combine methods when solving the sport scheduling 
problem. 
 
The Branch-and-Bound method as (Bertsimas & Tsitsiklis, 1997) explained, uses a divide 
and conquer approach when exploring a set of feasible integer solution. It uses bounds on the 
optimal cost to avoid exploring certain parts of the set. If F is a set of feasible solutions to a 
problem, F is partitioned into a finite collection of subsets and each subproblem is solved 
separately.  

min 𝑐2𝑥 

 𝑠. 𝑡. 𝑥 ∈ 𝐹7					𝑖 = 1,… , 𝑘 (3.4) 

 
After that, the optimal solution is compared to the subproblems and the best one is chosen. 
The branching part of the problem involves solving each subproblem by the same method, 
splitting it into subproblems, if they are similarly difficult as the original problem, resulting 
in a tree of subproblems. If the lower bound b(Fi), corresponding to a subproblem satisfies 
b(Fi) ≤ U (upper bound), the optimal solution to the subproblem is no better than the best 
feasible solution so far, therefore the subproblem doesn’t need to be considered further. If 
b(Fi) < U, we either obtain an optimal solution to the subproblems or break the corresponding 
subproblem into further subproblems. (Bartsch, Drexl, & Kröger, 2006) used branch and 
bound to schedule the Austrian and German football leagues.  
 
When using a multiphase approach, several sub-problems are addressed. When solving the 
sport scheduling problem, these sub-problems include finding the home-away patterns, 
assigning games in accordance with the patterns to create the Basic Match Schedule (BMS) 
and assigning teams to the BMS as (Trick, 2000) discussed. The order which this is done can 
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vary. These sub-problems can be defined as phases. Different methods can be used to solve 
each phase, for example (Nemhauser & Trick, 1997) applied integer programming for phases 
one and two and enumeration for phase three when scheduling a major college basketball 
conference. 
 
Heuristics Approach is used to find a good-enough solution in a limited amount of time, 
however the solution may not necessarily be optimal. (Della Croce & Oliveri, 2006) applied 
heuristics to solve the sport scheduling problem. Heuristics can solve a series of integer 
programming models to generate round robin calendars which take various constraints into 
account. This approach can produce several different calendars within a limited amount of 
time, for example using the multiphase approach. 

3.2 Competition formats and schedules used in Europe 
This section will feature a summary of the main competition formats and schedules used in 
Europe. (D. R. Goossens & Spieksma, 2012) provided an overview concerning competition 
formats and scheduling methods for twenty-five European soccer competitions for the season 
2008-2009. 

3.2.1 Different requests and requirements 

European Soccer leagues involve millions of fans and billions of Euros. Some of the largest 
leagues in Europe involve the richest and most successful teams in the world. There are many 
stakeholders in each league, for example the clubs, fans, authorities, TV and sponsors. Some 
of these stakeholders have large investments in broadcasting rights, advertising and 
merchandizing as (D. R. Goossens & Spieksma, 2012) explained. Therefore, they prefer that 
the schedules will maximize the revenues of the teams. In addition to that, the schedule should 
be fair, exciting and attractive. 

3.2.2 Competition format 

The sport scheduling problem is difficult to generalize as (D. R. Goossens & Spieksma, 2012) 
stated. There is noticeable diversity between the European leagues, however the main 
concepts are very similar. The number of teams participating in each league varies between 
10 and 20. The most common number of teams within the 25 leagues is 18. All the leagues 
had an even number of teams and they all played a round robin tournament. Of the 25 leagues 
that were investigated, 19 of them played a double round robin tournament. Some played a 
triple round robin, while two of them played a quadruple round robin tournament. Five of the 
leagues finished the season with a play-off stage. Whether a league only has a round robin or 
adds a play-off stage determines how many games each team plays. When leagues play a 
round robin tournament the number of games is fixed for every team. If they add a play-off 
stage, the number of games varies depending on their performance.  The competing teams in 
each league also vary between seasons. In the end of each season one team claims the title 
while at least one of the teams at the bottom part of the table is relegated down to the second 
division. The winner of the second division is then promoted to the first division. The number 
of teams that travel between divisions differs between leagues. The most common number is 
around two to three teams. 
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(D. R. Goossens & Spieksma, 2012) explained that in 15 of the 25 leagues there is a mirroring 
symmetry between the order of rounds in the first and second half of the competition. The 
second part is identical to the first, except the home advantage is inverted. In the leagues 
where a triple round robin is played, the first part of the competition is copied to form the 
third part. There are a few more symmetry schemes that are used which are similar to the 
mirroring scheme. Five of the 25 leagues do not use any of the symmetry schemes that are 
presented. 
 
It would be preferable to have a schedule with a perfect alternation of home and away games; 
however, it is impossible to generate it into the schedule. In any competition, it is desirable 
to minimize the number of breaks and also ensure that each team does not have more than 
two successive home or away games in a row as (D. R. Goossens & Spieksma, 2012) 
discussed. None of the 25 competitions have achieved minimizing the number of breaks, 
however most of the schedules don’t exceed the minimal number of breaks by more than 
50%. In most of the competitions none of the teams played more than two successive home 
or away games. In three of the competitions, some teams had to play four successive home 
or away games and in one competition one team had to play 5 successive home games. It is 
preferred to generate a schedule that avoids a break in the beginning and end of the season, 
as it leads to a fairer schedule. In most of the 25 competitions, the teams avoid beginning 
and/or ending the season with a break. 

3.2.3 Solution Approaches used in European Leagues  

Many papers have been published over the years with different techniques for how to 
schedule sports tournaments in Europe, as seen in Table 3.1. (D. Goossens & Spieksma, 2009) 
applied a mixed integer programming model and a two-phase approach for the Belgium 
football league. Each team was assigned a home-away pattern in the first phase and the 
opponents were determined in the second phase. A penalty was linked to each wish and the 
model searched for a schedule that minimized the total penalty of the violated constraints. 
(Della Croce & Oliveri, 2006) applied a heuristic solution procedure for the Italian football 
league. It involved solving a series of integer programming models and generating double 
round robin calendars with various requirements. (Bartsch et al., 2006) applied heuristic 
approach and branch and bound to schedule the Austrian and German football leagues. The 
Danish football league is a triple round robin tournament and leads to an uneven distribution 
of home and away games. (Rasmussen, 2008) applied a logic-based Benders decomposition 
and found the home-away pattern sets while the subproblems found timetables.  
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Table 3.1 European Leagues 

Competition n Format Symmetry Solution Method 

Austria 10 4RR English Heuristic approach and branch-
and bound 

Belgium 18 DRR Mirroring Mixed Integer Programming and 
Two Phase 

Denmark 12 TRR No 
symmetry 

Logic-based Benders 
decomposition 

Germany 18 DRR Mirroring Heuristic approach and branch-
and bound 

Italy 18 DRR Mirroring IP and Heuristic approach 

 

3.2.4 Solution approaches used outside of Europe 

Several papers regarding solution methods for sport scheduling outside of Europe have been 
published, as seen in Table 3.2. (Recalde, Torres, & Vaca, 2013) applied mathematical 
programming to create an integer programming formulation which was solved to optimality 
and created a feasible sports schedule for the Ecuadorian football league. A heuristic approach 
was applied as well based on three phases. In the first phase, the pattern set is generated, in 
phase two the patterns are assigned to group assignments and in the third phase the feasible 
calendars are created.  (Durán et al., 2007) applied integer programming to create the schedule 
for the Chilean football league. (Ribeiro & Urrutia, 2012) used integer programming 
formulation and developed a three-phase solution approach for the Brazilian football league 
based on a first-break, then-schedule decomposition scheme. (Fiallos, Pérez, Sabillón, & 
Licona, 2010) developed a mathematical integer programming model for the Honduran 
football league.  

Table 3.2 Leagues outside of Europe 

Competition n Format Symmetry Solution Method 

Ecuador 12 DRR Mirroring Heuristic approach, multiphases 
and IP 

Chile* 20 SRR - Integer Programming (IP) 

Brazil 20 DRR Mirroring IP and multiphases 

Honduras 10 DRR Mirroring Integer Programming (IP) 

*The season ends with a playoff competition  
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Chapter 4 

4Model 

In this chapter, the football league will be modeled as an optimization problem with a two-
phase solution approach, using integer programming. The model will generate a feasible sport 
schedule for the men’s highest division in the Icelandic football league. The model will be 
split up into two phases. The reason for doing so is because it is more convenient to work 
with two phases instead of one big model as it saves a lot of time and is more manageable. In 
Phase I a round robin schedule that is compatible with a previously decided pattern set will 
be generated. A pattern set is a set of patterns as many as the number of teams in a 
competition. The pattern set includes the home and away games for each team. In Phase II 
the final schedule will be produced by assigning teams to patterns according to team 
preferences. A third model was added which aims to minimize the number of breaks by 
finding a certain combination of patterns to form a pattern set. The model also generates a 
round robin schedule compatible with the resulting pattern set.  

4.1 Phase I: Round Robin Schedule 
In Phase I the round robin schedule is generated using a pattern set which was developed 
manually. The schedule is generated by using a pattern set in which there is no symmetry and 
each team has three breaks in the season to maintain fairness.  

4.1.1 General features of the model 

Sets  
P: The set of games which cannot be played during each round. A program was developed 
which returns this set by using the pattern set as an input. For example, if a team is playing a 
home game in a certain round they can not play any of the teams which also have a home 
game during that round. The same applies if a team has an away game during a certain round, 
then they can not play a team which also has an away game during that round.   
 
Parameters 
T: The number of teams in the competition 

4.1.2 Variables 

One variable was created for the model in Phase I, as shown in Equation 4.1. Variable x 
returns the Phase I model solution and determines which teams play which teams during 
which rounds. It takes the value of 1 when team i ∈ T is playing team j ∈ T during round k.  
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 𝑥>,?,@ = 	1 𝑖𝑓	𝑡𝑒𝑎𝑚	𝑖	𝑝𝑙𝑎𝑦𝑠	𝑡𝑒𝑎𝑚	𝑗	𝑎𝑡	ℎ𝑜𝑚𝑒	𝑜𝑛	𝑟𝑜𝑢𝑛𝑑	𝑘
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (4.1) 

 

4.1.3 Constraints 

When developing a schedule, it is important to follow the basic terminology of sport 
scheduling as discussed in Chapter 3.1. Many constraints in the model must be fulfilled when 
generating the schedule, otherwise the round robin schedule cannot be generated. These 
constraints can be either hard or soft constraints. Hard constraints must be fulfilled while soft 
constraints can be broken. The constraints for Phase I are all hard constraints.  
 
Each team plays exactly one game in each round. 
 

(𝑥>,?,@ + 𝑥?,>,@) = 1
N

?OP

					∀𝑖 = 1,…𝑇, 𝑘 = 1,… , (2 ∗ T − 2) (4.2) 

 
Every two teams play each other precisely once during the first half of the season. 
 
 

(𝑥>,?,@ + 𝑥?,>,@) = 1
WXP

@OP

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.3) 

 
 
Every two teams play each other precisely once during the second half of the season. 
 
 

(𝑥>,?,@ + 𝑥?,>,@) = 1
Y∗NXY

@O(WXP)ZP

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.4) 

 
 
Games between every two teams take place once in each team’s home venue during the 
season.  
 

𝑥>,?,@ = 1
Y∗NXY

@OP

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.5) 

 
No two teams can meet twice during the last three rounds of the first half of the season and 
in the first three round of the second half of the season.  
 
 

𝑥>,?,@ + 𝑥?,>,@ ≤ 1
(WXP)Z[

@O(WXP)XY

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.6) 

 
The games defined in set P aren’t scheduled in the final round robin schedule. The set P 
determines which games can not be played during each round by using the patterns in the 
data file.  
 

𝑥>,?,@ = 0										∀𝑖, 𝑗, 𝑘 ∈ 𝑃 (4.7) 

 



14  CHAPTER 4: MODEL 

   

4.1.4 Objective function 

The objective with the model is to find a feasible solution for the problem which satisfies all 
the constraints. If the model doesn’t have a feasible solution it can often be solved by adding 
penalties to soft constraints and changing the objective function to minimize the total penalty 
of the violated constraints. However, for this instance the constraints are all hard constraints 
and therefore it must be solved without using penalties and the objective function is only a 
constant. If the model turns out to be infeasible the pattern set must be altered.  

 𝑚𝑖𝑛	0 (4.8) 

 

4.1.5 The Model 

When the constraints and objective function are gathered together, the Phase I model is:  

 𝑚𝑖𝑛	0 (4.9) 

 
 
 
s.t. 
 

(𝑥>,?,@ + 𝑥?,>,@) = 1
N

?OP

					∀𝑖 = 1,…𝑇, 𝑘 = 1,… , (2 ∗ T − 2) (4.10) 

 

 (𝑥>,?,@ + 𝑥?,>,@) = 1
WXP

@OP

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.11) 

 

 (𝑥>,?,@ + 𝑥?,>,@) = 1
Y∗NXY

@O(WXP)ZP

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.12) 

 

 𝑥>,?,@ = 1
Y∗NXY

@OP

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.13) 

 

 𝑥>,?,@ + 𝑥?,>,@ ≤ 1
(WXP)Z[

@O(WXP)XY

					∀𝑖, 𝑗 = 1,… , 𝑇, 𝑖 ≠ 𝑗 (4.14) 

 

 𝑥>,?,@ = 0										∀𝑖, 𝑗, 𝑘 ∈ 𝑃 (4.15) 

 

 𝑥>,?,@	𝑏𝑖𝑛𝑎𝑟𝑦  
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4.2 Phase II: Assigning teams to patterns 
After Phase I has returned a feasible solution the round robin schedule has been generated. 
Phase II produces the final schedule by assigning teams to patterns. Phase II aims to satisfy 
all the constraints and preferences which have been set. It can be challenging to try and fulfill 
all these preferences; therefore, a cost penalty is associated with each preference. The model 
aims to minimize the overall cost penalty.  

4.2.1 General features of the model 

Parameters 
T: The number of teams in the competition  
C7,_: The cost factor of assigning team i to pattern p, based on the preferences of team i. The 
preferences from each team are compared to each pattern from the pattern set used in Phase 
I to determine the cost factor for assigning a team to a certain pattern. For example, if a team 
requests a home game in the first round, only half of the patterns can satisfy that request. 
Therefore, the team in question will have a cost factor associated with the other half of the 
patterns, which have an away game in the first round. The model aims to minimize the cost 
penalty by trying to assign teams to the pattern for which they have the lowest cost factor.  
 
Sets  
PRbP,bY: Pattern restrictions between two teams, t1 and t2, which are intended to meet in a 
specific round or a set of rounds. Let 𝑃𝑅dP,dY be se the set of all pairs of patterns that do not 
meet in these specific rounds. For example, the two top teams could be forced to meet in one 
of the last rounds to create excitement in the competition. If the two teams, t1 and t2 are not 
intended to meet in a specific round or a set of rounds, the same constraint can be used, except 
the set 𝑃𝑅dP,dYis now the set of all pairs of patterns that do play against each other in these 
specific rounds. For example, if two teams are located far away from each other and must 
travel a long distance for their game it would be ideal to not plan a game between them in the 
last round. Multiple factors can lead to the game being cancelled, for example due to weather 
and then the games in the last round would not all be played at the same time. 
 
PPbP,bY: Two teams, t1 and t2, can be paired together. Let PPbP,bY be the set of all pairs of 
patterns in which the schedule is the same for each pair except the home and away venues are 
reversed. Therefore, whenever one pattern has a home game the other pattern has an away 
game. For example, this is implemented to prevent two teams, with venues close to each 
other, having a home game during the same round. 

4.2.2 Variables 

Two variables were created for the model in Phase II, they are shown in Equations 4.16 and 
4.17. 
 
The main variable is 𝑥>,e, Equation 4.16. It determines which pattern each team is assigned 
to. 𝑥>,e takes the value of 1 when team i ∈ T has pattern p ∈ T. The variable 𝑃dP,dY, Equation 
4.17 takes the value 1 for a penalty when two teams don’t meet in a certain round. These two 
teams can be the top two teams from the season in the year before, facing off in one of the 
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last rounds. By adding this constraint, it increases excitement for the end of the season since 
it is likely that these two teams will make a claim towards the title. If this constraint is broken, 
P takes the value 1 and a penalty is added to the objective function.  
 
 𝑥>,e = 	1 𝑖𝑓	𝑡𝑒𝑎𝑚	𝑖	𝑖𝑠	𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑	𝑡𝑜	𝑝𝑎𝑡𝑡𝑒𝑟𝑛	𝑝

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (4.16) 

 
 𝑃dP,dY = 	1 𝑖𝑓	𝑡𝑒𝑎𝑚𝑠	𝑡P	𝑎𝑛𝑑	𝑡Y	𝑣𝑖𝑜𝑙𝑎𝑡𝑒	𝑝𝑎𝑡𝑡𝑒𝑟𝑛	𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑖𝑜𝑛	𝑃𝑅dP,dY

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (4.17) 

 

4.2.3 Constraints 

The constraints for Phase II can be either hard or soft constraints.  
 
Hard Constraints 
 
Each team is assigned exactly one pattern 
 
 

𝑥>,e = 1
N

eOP

					∀𝑖 = 1,… , 𝑇 (4.18) 

 
Each pattern is assigned to exactly one team 
 
 

𝑥>,e = 1					∀𝑝 = 1,… , 𝑇
N

>OP

 (4.19) 

 
Soft Constraints  
 
A pair of teams is intended to meet in a specific round or a set of rounds. These constraints 
can be adjusted to fulfil a variety of preferences regarding scheduling games between teams. 
The constraint can also be used to guarantee two teams not meeting a specific round or a set 
of rounds.  
 

𝑥bP,eP + 𝑥bY,eY ≤ 1 + 𝑃dP,dY					∀𝑝P, 𝑝Y ∈ 𝑃𝑅dP,dY (4.20) 

 
 

𝑥bP,eY + 𝑥bY,eP ≤ 1 + 𝑃dP,dY					∀𝑝P, 𝑝Y ∈ 𝑃𝑅dP,dY (4.21) 

 
Teams can be paired together so a pair of teams will never have either a home or an away 
game during the same round. They would have the same breaks in the schedule except with 
reversed home and away advantage.  
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𝑥dP,eP = 𝑥dY,eY					∀𝑝P, 𝑝Y ∈ 𝑃𝑃dP,dY (4.22) 

 

4.2.4 Objective function 

Some of the constraints for Phase II are hard constraints while others are soft. A cost penalty, 
parameter C7,_, was linked to the main variable and added to the objective function. The cost 
penalty of C7,_ is in the range of 100 to 500. A variable 𝑃dP,dY was added as well. It takes the 
value 1 if the constraint for scheduling a game between two teams in a certain round is broken. 
If it is broken it is multiplied by 1000, which is the cost of breaking the constraint. The penalty 
of breaking the constraint of scheduling a game between two teams in a certain round is higher 
than breaking the other constraints related to C7,_ because it is estimated to be more important 
to satisfy that constraint. However, it is only a little bit higher so it can be broken but the 
model has the priority to try and satisfy it before the rest of the constraints. 
 

𝑚𝑖𝑛 𝐶>,e ∗ 𝑥>,e

N

eOP

+ 1000 ∗ 𝑃dP,dY

N

>OP

 (4.23) 

 

4.2.5 The Model 

When the constraints and objective function are gathered together, the Phase II model is:  
 
 

𝑚𝑖𝑛 𝐶>,e ∗ 𝑥7,e

N

eOP

+ 1000 ∗ 𝑃dP,dY

N

>OP

 (4.24) 

 
 
s.t. 𝑥>,e = 1

N

eOP

					∀𝑖 = 1,… , 𝑇 (4.25) 

 
 

𝑥>,e = 1					∀𝑝 = 1,… , 𝑇
N

>OP

 (4.26) 

 
 

𝑥bP,eP + 𝑥bY,eY ≤ 1 + 𝑃dP,dY					∀𝑝P, 𝑝Y ∈ 𝑃𝑅dP,dY (4.27) 

 
 

𝑥bP,eY + 𝑥bY,eP ≤ 1 + 𝑃dP,dY					∀𝑝P, 𝑝Y ∈ 𝑃𝑅dP,dY (4.28) 

 
 

𝑥dP,eP = 𝑥dY,eY					∀𝑝P, 𝑝Y ∈ 𝑃𝑃dP,dY (4.29) 
 

 
𝑥>,e	𝑏𝑖𝑛𝑎𝑟𝑦  
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4.3 Round robin schedule from large pattern sets 
Phase I and Phase II generate a round robin schedule by using a previously decided pattern 
set which guarantees fairness by dividing the number of breaks equally between the teams. 
An additional model was generated where the objective is to minimize the number of breaks 
in the schedule by finding a certain combination of patterns. The model has an input of several 
patterns, where there can be more patterns than the number of teams. The model selects a few 
patterns, equal to the number of teams, which satisfy the constraints and arranges them to 
form the pattern set. The model then generates the round robin schedule using that pattern 
set. Several additional constraints were added for this model, but the foundation was the same 
as in Phase I. Phase II can be run for the minimization of breaks model without making any 
changes to the Phase II model.  

4.3.1 General features of the model 

Sets  
P: The set of games which cannot be played during each round 
 
Parameters 
T: The number of teams in the competition  
M: The number of patterns in the dataset 
Ci: The cost for number of breaks in pattern m, the parameter consists of information about 
how many breaks are in each pattern. 

4.3.2 Variables 

Two variables were created for the break minimization model, they are shown in Equations 
4.30 and 4.31.  
 
The main variable is 𝑦j, Equation 4.31. It returns which patterns are chosen to form the 
pattern set, taking the value of 1 when pattern m is chosen. Variable x, Equation 4.30, 
determines which games will be played in each round. It concludes which patterns have a 
home game and which patterns have an away game during each round. Pattern i is the home 
team and pattern j is the away team. Since we have more patterns than teams, each team is 
assigned one pattern.  
 
 𝑥>,?,@ = 	1 𝑖𝑓	𝑡𝑒𝑎𝑚	with	pattern	𝑖	𝑝𝑙𝑎𝑦𝑠	𝑡𝑒𝑎𝑚	𝑤𝑖𝑡ℎ	𝑝𝑎𝑡𝑡𝑒𝑟𝑛	𝑗	𝑜𝑛	𝑟𝑜𝑢n𝑑	𝑘

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (4.30) 

 
 𝑦j = 	1 𝑖𝑓	𝑝𝑎𝑡𝑡𝑒𝑟𝑛	𝑚	𝑖𝑠	𝑐ℎ𝑜𝑠𝑒𝑛

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (4.31) 
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4.3.3 Constraints 

The constraints for the break minimization model are all hard constraints. The foundation for 
this model is the model from Phase I, see in Chapter 4.1.3, but several constraints were added 
to that model which will be explained here below. The reason for adding these constraints is 
that since there are more patterns than there are teams the model must pick which patterns it 
wants to use in the pattern set. In the manual pattern set, used in Phase I, the number of home 
and away games is fixed during each round. For this model, it is important that there are equal 
number of home and away games in each round, otherwise the model wouldn’t be feasible.  
 
These constraints ensure that there are only assigned games to the patterns that are selected 
for the round robin schedule. The selected games must either have the chosen patterns as a 
home or an away team in the final schedule.  
 
 𝑥>,?,@ ≤ 𝑦>					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑘 = 1,… , (2 ∗ 𝑇 − 2) 

(4.32) 

 
 𝑥>,?,@ ≤ 𝑦?					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑘 = 1,… , (2 ∗ 𝑇 − 2) 

(4.33) 

 
The number of chosen patterns is equal to the number of teams, each team is assigned one 
pattern.  
 
 

𝑦j = 𝑇
s

jOP

 (4.34) 

 
 
If pattern i is chosen it must have T-1 games taking place at a home venue during the season, 
where T represents the number of teams.  
 
 

𝑥>,?,@

Y∗NXY

@OP

= 𝑇 − 1 ∗ 𝑦>

s

?OP

					∀𝑖 = 1…𝑀 (4.35) 

 

 
If pattern j is chosen it must have T-1 games taking place in an away venue during the season, 
where T represents the number of teams.  
 
 

𝑥>,?,@

Y∗NXY

@OP

= 𝑇 − 1 ∗ 𝑦?

s

>OP

					∀𝑗 = 1…𝑀 (4.36) 
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4.3.4 Objective function 

For this model, all the constraints are hard constraints. The objective function aims to 
minimize the number of breaks by using cost penalties, parameter Ci, linked to variable 𝑦j. 
The parameter Ci carries the number of breaks each pattern m has. If pattern m is chosen, 
variable 𝑦j takes the value 1. The objective function sums up the total number of breaks in 
the pattern set.  

 𝑚𝑖𝑛 𝑦j ∗ 𝐶j

s

jOP

	 (4.37) 

 

4.3.5 The Model 

When the constraints and objective function are gathered together, the break minimzation 
model is:  

 𝑚𝑖𝑛 𝑦j ∗ 𝐶j

s

jOP

	 (4.38) 

 
 
 
s.t. 
 

𝑥>,?,@ + 𝑥?,>,@ ≤ 1
s

?OP

					∀𝑖 = 1,…𝑀, 𝑘 = 1,… , (2 ∗ 𝑇 − 2) (4.39) 

 

 𝑥>,?,@ + 𝑥?,>,@ ≤ 1
WXP

@OP

					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑖 ≠ 𝑗 (4.40) 

 

 𝑥>,?,@ + 𝑥?,>,@ ≤ 1
Y∗NXY

@O(WXP)ZP

					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑖 ≠ 𝑗 (4.41) 

 

 𝑥>,?,@ ≤ 1
Y∗NXY

@OP

					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑖 ≠ 𝑗 (4.42) 

 

 𝑥>,?,@ + 𝑥?,>,@ ≤ 1
(WXP)Z[

@O(WXP)XY

					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑖 ≠ 𝑗 (4.43) 

 

 𝑥>,?,@ = 0										∀𝑖, 𝑗, 𝑘 ∈ 𝑃 (4.44) 

 

 𝑥7,?,@ ≤ 𝑦>					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑘 = 1,… , (2 ∗ 𝑇 − 2) (4.45) 
 

 𝑥>,?,@ ≤ 𝑦?					∀𝑖, 𝑗 = 1,… ,𝑀, 𝑘 = 1,… , (2 ∗ 𝑇 − 2) (4.46) 
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 𝑦j = 𝑇
s

jOP

 (4.47) 
 

 𝑥>,?,@

Y∗NXY

@OP

= 𝑇 − 1 ∗ 𝑦>

s

?OP

					∀𝑖 = 1…𝑀 (4.48) 
 

 𝑥>,?,@

Y∗NXY

@OP

= 𝑇 − 1 ∗ 𝑦?

s

>OP

					∀𝑗 = 1…𝑀 (4.49) 
 

 𝑥>,?,@	𝑏𝑖𝑛𝑎𝑟𝑦  

 𝑦j	𝑏𝑖𝑛𝑎𝑟𝑦  
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Chapter 5 

5Data 

For this chapter, the collected data for the model in Chapter 4 will be briefly described along 
with the data processing.   

5.1 Data Collection 
The required data for the model in Chapter 4 consists of information about the teams, the 
teams’ preferences and the Icelandic Football Association’s conditions and requirements. The 
required information regarding the teams are the number of teams in the competition and 
which ones are competing each year. This data can easily be collected from the Icelandic 
Football Association’s open website (“Stakt mót - Knattspyrnusamband Íslands,” 2018). 
 
A part of the data regarding the team’s preferences was gathered from the competition 
manager at the football association, who was very helpful in providing the information. In 
addition to providing the preferences he compiled the main conditions and requirements that 
the Icelandic Football Association states when arranging the schedule. Additional data 
regarding team’s preferences was found online in which when town festivals take place and 
when teams are hosting junior league tournaments (“KSÍ - Opin Mót 2018,” 2018). 
 
The teams that were competing in the 2018 season were: Breiðablik, FH, Fjölnir, Fylkir, 
Grindavík, ÍBV, KA, Keflavík, KR, Stjarnan, Valur and Víkingur Reykjavík. Valur was the 
winner of the league and Stjarnan were the runner-ups, while Fjölnir and Keflavík were 
relegated. ÍA was the winner of the first division and was promoted up to the highest division 
for the 2019 season, along with the runner-ups HK. Eight of these teams are in the Capital 
area, while four of them, Grindavík, ÍBV, KA and Keflavík are located outside of the capital. 
Grindavík and Keflavík are very close to the Capital, only an one hour drive while KA is on 
the other side of the country and ÍBV is located on the island Vestmannaeyjar, in the southern 
region of Iceland (“Íslandsmót - Pepsi-deild karla - 2018,” 2018). 

5.2 Generating the Patterns 
Phase I of the integer programming model has a set P which represents the games which 
cannot be played in each pattern. When generating this set P, a pattern set is the input. To 
generate the pattern set, two methods are possible. One way is to manually generate the 
pattern set and the other one is to produce all patterns which are eligible for the schedule and 
combine them to form the pattern set. The first method can guarantee fairness by dividing the 
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breaks equally between patterns and the second one minimizes the breaks. These two methods 
will be explained further in this chapter.  

5.2.1 Manual Pattern 

The first phase of the project was to manually create a pattern set into an Excel file for Phase 
I in the integer programming solution model. Each pattern has 11 games at a home venue and 
11 games at an away venue. The minimum breaks in a mirrored double round robin pattern 
set for 12 teams is 30 breaks. This indicates that each team has two to three breaks during 
each season. To keep fairness in the schedule it was decided to distribute breaks evenly 
throughout the teams, three breaks in each pattern, resulting in 36 breaks in total. The breaks 
are distributed rather evenly throughout the season for each pattern. There are no breaks in 
the beginning, end or in the middle of the season. There is no symmetry in this pattern set, it 
is mostly random, however the breaks are distributed evenly throughout the season.  
 
Figure 5.1 shows the pattern set which was then used as input in the model for Phase I. The 
Excel file was then converted to a comma-separated values (CSV) file. A Matlab program 
was developed which had the CSV file pattern set as input. The output from the Matlab 
program was a file that contained the set of games which cannot be played during each round, 
this set was imported into the data file for Phase I.    
 
To solve the model, a package called the GNU Linear Programming Kit (GLPK) is used. 
GLPK is intended for solving linear programming (LP), mixed integer programming (MIP) 
and other problems (Makhorin, 2014). The model and the data are imported into GLPK which 
adjusts them and then transfers the data to a format which is readable for Gurobi 8.1.0. Gurobi 
is a mathematical optimizer programming solver which returns the model solution. Gurobi 
returns the round robin solution for Phase I, by specifying which teams play which teams in 
each round.  
 

 

Figure 5.1 Manual pattern set  
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5.2.2 Generating a large pattern set 

To make Phase I of the model more advanced and to try and minimize the number of breaks, 
a Matlab code was generated to produce all the suitable patterns for the schedule. The main 
constraints were added to the code. Each pattern has 11 home games and 11 away games. 
There are either two or three breaks in each pattern. None of the patterns begin or end with a 
break and there are no consecutive breaks in the patterns. The output from the code was 
written in a CSV file containing the 464 eligible patterns. Figure 5.2 shows a part of the 
patterns, in which 1 represents home games and 0 represents away games. When generating 
the set of P in Matlab which represents the games which cannot be played during each round 
the same method was used as with the manual pattern.  
 

 

Figure 5.2 Part of the patterns in the CSV file 

5.3 Specific team preferences 
The specific team preferences used in the model in Phase II can be seen in Table 5.1. Most 
of these preferences were decided from when town festivals and junior league tournaments 
were being held for the 2018 season. Some of the preferences are created to add more 
preference constraints into the model. Four of the teams were competing in other 
competitions, Champions League and Europa League. Therefore, the constraint of having a 
home game before they competed abroad during the first and second round was added. Each 
team has one to three preferences. The cost factor of assigning a team to a pattern related to 
these preferences was denoted as the parameter C in the model for Phase II. Parameter C 
compiles the costs of when a team is assigned a pattern where their requests aren’t met. The 
cost factor varies depending on the importance. The preferences regarding games in the other 
competitions, Europa- and Champions League have the highest cost penalty of 500, the town 
festivals have a cost of 300 while the junior league tournaments and other preferences have a 
cost of 100. These costs penalties are compiled in Table 5.2.  
 
The Round Robin schedule which was created in Phase I was used as the input to create the 
data for Phase II. The team preferences were written in an Excel file using the round robin 
schedule result from Phase I to determine the cost factors. Excel then compiled them to create 
the data file for the model in Phase II, denoted by parameter C. The model was created in 
GLPK by using the model formulation from Phase II. After transferring the data from GLPK 
to Gurobi, Gurobi returns the solution for Phase II. The solution determines which team has 
which pattern, while minimizing the cost factor.   
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Table 5.1 Specific team preferences 

Team Reason Preference 

Breiðablik Junior League Tournament Away game in the 10th round 

FH 
Europa League 
Europa League 
 

Home game in the 12th round 
Home game in the 14th round 
Home game in the 22nd round 

Fjölnir  Away game in the 1st round 

Fylkir  Home game in the 1st round 
Home game in the 16th round  

Grindavík Seamen’s weekend Away game in the 7th round 

ÍBV 
Europa League 
Europa League 
Festival during the holiday weekend 

Home game in the 12th round 
Home game in the 14th round 
Home game in the 15th round 

KA Junior League Tournament 
Festival during the holiday weekend 

Home game in the 12th round 
Home game in the 15th round 

Keflavík Town Festival 
 

Home game in the 19th round 
Away game in the 22nd round 

KR  Home game in the 1st round  
Home game in the 22nd round 

Stjarnan Europa League 
Europa League 

Home game in the 12th round 
Home game in the 14th round 

Valur Champions League 
Champions League 

Home game in the 12th round 
Home game in the 14th round 

Víkingur 
Reykjavík 

Junior League Tournament 
Junior League Tournament 

Away game in the 2nd round 
Away game in the 16th round 

 

Table 5.2 The cost penalty of breaking different preferences 

Preference Competitions Town Festivals Junior Leagues etc. 

Cost 500 300 100 
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Chapter 6 

6Results 

Phase I and Phase II for the manual pattern set were rather easily solved in the model.  
 
For the Phase I model, the number of constraints was 3.168 and the number of variables was 
3.168. The presolve removed 2.828 constraints and 2.775 variables, resulting in 340 
constraints and 393 variables. The time it took to solve the model was 0,12 seconds.  
 
For the Phase II model, the number of constraints was 264 and the number of variables was 
145. The presolve removed 120 constraints and 0 variables, resulting in 144 constraints and 
145 variables. The time it took to solve the model was 0,01 seconds.  

6.1 Phase I Model Results 
The model solution for Phase I is feasible. The model returns a round robin schedule for the 
2018 season with 12 teams and 22 rounds. Each team plays every other team twice, once in 
each team’s home venue. The model satisfies the constraint that no two teams can meet twice 
in the last three rounds of the first half of the season and the first three rounds of the second 
half. The round robin schedule results for Phase I can be seen in Table 6.1.  

Table 6.1 The Round Robin Schedule for the manual pattern set 

Round 1 6-1 2-3 4-9 8-5 10-7 12-11 
Round 2 1-10 9-2 3-12 5-4 11-6 7-8 
Round 3 1-5 2-7 6-3 8-4 12-9 10-11 
Round 4 4-1 12-2 3-7 5-10 9-6 11-8 
Round 5 1-3 6-2 10-4 5-11 7-9 8-12 
Round 6 12-1 2-10 3-11 4-7 9-5 8-6 
Round 7 1-8 5-2 3-9 11-4 10-6 7-12 
Round 8 2-1 4-3 12-5 6-7 8-10 9-11 
Round 9 7-1 11-2 3-10 4-12 5-6 9-8 
Round 10 1-11 2-4 8-3 7-5 6-12 10-9 
Round 11 9-1 2-8 3-5 4-6 11-7 12-10 
Round 12 1-4 10-2 7-3 5-12 6-9 8-11 
Round 13 3-1 2-6 4-10 11-5 9-7 12-8 
Round 14 1-12 7-2 3-4 5-9 6-11 10-8 
Round 15 1-7 2-5 11-3 12-4 6-10 8-9 
Round 16 5-1 4-2 3-8 7-6 9-12 11-10 
Round 17 1-9 8-2 12-3 6-4 10-5 7-11 
Round 18 11-1 2-12 3-6 4-8 5-7 9-10 
Round 19 1-2 5-3 7-4 6-8 11-9 10-12 
Round 20 10-1 2-11 9-3 4-5 12-6 8-7 
Round 21 1-6 3-2 9-4 5-8 7-10 11-12 
Round 22 8-1 2-9 10-3 4-11 6-5 12-7 
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6.2 Phase II Model Results 
The model solution for Phase II was found using the round robin schedule result from Phase 
I. Phase II returns the assignment of teams to patterns in which each team is assigned one 
pattern as seen in Table 6.2. Figure 6.1 shows the round robin schedule after the teams have 
been assigned numbers. The solution satisfies the constraints in the model by using the data 
presented in Chapter 5.3, in which the specific team preferences are compiled. The optimal 
solution returns a best objective equal to 100 which means that the model cannot satisfy one 
preference with the cost value of 100 in this case. Another constraint which was added was 
having the top two teams from the previous year compete in one of the last few rounds of the 
competition. That constraint was satisfied as Valur and Stjarnan are set to have a game in the 
20th round. By adding this constraint, it increases the excitement for the end of the season 
since it is likely that these two teams will make a claim towards the title. 

Table 6.2 Assignment of teams to patterns 

Pattern Team 
1 Stjarnan 
2 Víkingur R. 
3 Breiðablik 
4 Fylkir 
5 FH 
6 ÍBV 
7 Keflavík 
8 KA 
9 Grindavík 
10 Valur 
11 Fjölnir 
12 KR 
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Figure 6.1 The Round Robin Schedule for the manual pattern set  

 

6.3 Minimizing breaks in a Round Robin Schedule 
The aim with this model was to minimize the number of breaks in the pattern set by finding 
the right combination of patterns. The model was run five times, in each run the dataset was 
expanded in hope of reaching a better solution. The manual pattern set was included in each 
dataset, it contains 12 patterns where each pattern has three breaks. In the first run the manual 
dataset was run, in the second run 12 patterns were added making them 24. For each run, 12 
more patterns were added making them 36 in the third run, 48 in the fourth run and 60 in the 
fifth run. The patterns which were added for each run were chosen randomly from the 464 
available patterns. However, to try and minimize the breaks, patterns with only two breaks 
were chosen. The main results for the model can be seen in Table 6.3. As seen in the table 
the total number of breaks have decreased from 36 to 24 and run time increases with each 
run. The result from run 2 was the same as in run 1, which is exactly the same as the manual 
pattern set. Figure 6.2 shows the decrease in number of breaks depending on how many 
patterns are eligible in the dataset. Figure 6.3 shows how the run time increases exponentially 
as more patterns are added to the dataset, the run time increases rapidly when going from 48 
patterns sets to 60. If the model was run using 100 patterns it would take about 25 million 
minutes or around 48 years to get the solution based on the trendline equation shown in the 
figure.  
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Table 6.3 Results for the advanced Phase I 

 Run #  Number of Patterns Number of 
Breaks Run Times (minutes) 

 1  12 36 0,003 
 2  24 36 0,2 

 3  36 32 2,5 
 4  48 28 29,2 
 5  60 24 973,9 

 
 
 

 

Figure 6.2 Number of breaks 

 

 

Figure 6.3 Run Time

The pattern set results for runs three, four and five can be seen in Figure 6.4,  Figure 6.5, 
Figure 6.6. The round robin schedule results for these three runs can be seen in Table 6.4, 
Table 6.5 and Table 6.6. These three pattern sets were then used as the input for Phase II and 
the model was run for all cases. The pattern set which included 32 breaks satisfied all the 
preference constraints along with the top two teams constraint. However, the pattern set with 
28 breaks had to break one preference constraint with a cost value of 100 and the pattern set 
with 24 breaks had to break three preference constraints with a combined cost value of 300. 
The pattern set with 24 breaks from the fifth run seen in Figure 6.6  has a certain symmetry 
to it. The breaks located in each pattern are always mirrored against another pattern in the set. 
Each team has two breaks during the season, guaranteeing fairness. This pattern set is 
considered to be the best result from Phase I.  
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Figure 6.4 Pattern set from the third run with 32 breaks 

 

Table 6.4 Round Robin schedule from the third run 

Round 1 1-2 12-3 4-9 5-10 11-6 7-8 
Round 2 9-1 2-11 3-5 6-4 10-7 8-12 
Round 3 1-3 7-2 4-10 5-6 11-8 12-9 
Round 4 6-1 2-5 3-7 8-4 9-11 10-12 
Round 5 4-1 12-2 3-8 5-9 10-6 7-11 
Round 6 1-7 2-8 6-3 5-4 9-10 11-12 
Round 7 8-1 2-6 3-9 7-4 12-5 10-11 
Round 8 1-10 9-2 11-3 4-12 5-7 6-8 
Round 9 12-1 2-10 3-4 11-5 6-7 8-9 
Round 10 1-11 4-2 10-3 5-8 9-6 7-12 
Round 11 1-5 2-3 11-4 6-12 9-7 8-10 
Round 12 7-1 5-2 3-6 4-8 10-9 12-11 
Round 13 1-4 2-12 8-3 9-5 6-10 11-7 
Round 14 10-1 2-9 3-11 4-6 7-5 12-8 
Round 15 1-6 8-2 9-3 4-7 5-12 11-10 
Round 16 3-1 2-4 10-5 6-9 12-7 8-11 
Round 17 5-1 11-2 4-3 12-6 7-10 9-8 
Round 18 1-9 2-7 3-12 10-4 8-5 6-11 
Round 19 11-1 3-2 4-5 8-6 7-9 12-10 
Round 20 1-12 6-2 7-3 9-4 5-11 10-8 
Round 21 2-1 3-10 12-4 6-5 8-7 11-9 
Round 22 1-8 10-2 5-3 4-11 7-6 9-12 
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Figure 6.5 Pattern set from the fourth run with 28 breaks 

 

Table 6.5 Round Robin schedule from the fourth run 

Round 1 9-1 2-10 3-7 12-4 11-5 8-6 
Round 2 1-11 5-2 10-3 4-8 6-12 7-9 
Round 3 1-4 2-6 9-3 10-5 12-7 8-11 
Round 4 5-1 7-2 3-8 4-10 6-9 11-12 
Round 5 1-7 9-2 12-3 4-6 8-5 10-11 
Round 6 6-1 2-8 3-5 11-4 7-10 9-12 
Round 7 1-2 4-3 5-7 11-6 8-12 10-9 
Round 8 12-1 2-4 3-11 9-5 6-10 7-8 
Round 9 10-1 11-2 3-6 4-7 5-12 8-9 
Round 10 1-8 2-3 9-4 6-5 7-11 12-10 
Round 11 3-1 2-12 5-4 7-6 10-8 11-9 
Round 12 1-6 4-2 8-3 5-10 9-7 12-11 
Round 13 11-1 2-9 3-10 6-4 7-5 12-8 
Round 14 1-12 10-2 5-3 4-11 9-6 8-7 
Round 15 1-10 2-5 6-3 7-4 11-8 12-9 
Round 16 8-1 3-2 4-12 5-6 10-7 9-11 
Round 17 1-9 6-2 7-3 8-4 12-5 11-10 
Round 18 4-1 2-7 3-12 5-11 10-6 9-8 
Round 19 1-5 12-2 11-3 4-9 6-7 8-10 
Round 20 2-1 3-9 10-4 5-8 6-11 7-12 
Round 21 1-3 8-2 4-5 12-6 11-7 9-10 
Round 22 7-1 2-11 3-4 5-9 6-8 10-12 
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Figure 6.6 Pattern set from the fifth run with 24 breaks 

 

Table 6.6 Round Robin schedule from the fifth run 

Round 1 9-1 8-2 10-3 12-4 11-5 7-6 
Round 2 1-7 2-10 3-11 4-8 5-9 6-12 
Round 3 10-1 5-2 12-3 6-4 9-7 11-8 
Round 4 1-12 2-11 3-6 4-5 7-10 8-9 
Round 5 5-1 6-2 4-3 11-7 12-8 10-9 
Round 6 1-6 2-4 3-5 7-12 8-10 9-11 
Round 7 11-1 12-2 3-8 4-7 5-10 6-9 
Round 8 1-4 2-3 7-5 8-6 9-12 10-11 
Round 9 2-1 3-9 4-10 6-5 8-7 12-11 
Round 10 1-8 9-2 7-3 11-4 5-12 10-6 
Round 11 3-1 2-7 4-9 8-5 6-11 12-10 
Round 12 7-1 10-2 11-3 5-4 12-6 9-8 
Round 13 1-11 2-5 3-4 6-7 8-12 9-10 
Round 14 12-1 11-2 5-3 4-6 7-9 10-8 
Round 15 1-5 2-12 6-3 9-4 10-7 8-11 
Round 16 4-1 3-2 5-6 7-8 12-9 11-10 
Round 17 1-3 2-6 8-4 9-5 7-11 10-12 
Round 18 6-1 4-2 3-10 5-8 12-7 11-9 
Round 19 1-2 8-3 7-4 10-5 9-6 11-12 
Round 20 1-9 2-8 3-7 4-12 5-11 6-10 
Round 21 8-1 7-2 9-3 10-4 12-5 11-6 
Round 22 1-10 2-9 3-12 4-11 5-7 6-8 
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Chapter 7 

72019 Season 

At the start of this project, KSÍ had already generated the schedule for the 2019 season. The 
results in this paper are therefore only suggestions to be compared to the schedule which the 
competition manager at KSÍ generated.  
 
Conditions in Iceland can vary a lot. One year there may be snow in April while the next year 
it may be sunny and warm. Therefore, it is likely that at least one of the home courts is not 
ready when the season starts. Many countries in Europe do not have to deal with extreme 
weather conditions like Iceland. The teams located outside of Reykjavík often experience 
worse weather than the teams in the capital. The competition manager at KSÍ has therefore 
been forced to assign some teams consecutive away games in the beginning of the season. 
However, in recent years many teams in Iceland have been replacing the grass with artificial 
turf. By doing so, it is more likely that the pitch will be ready when the season starts. 
Nevertheless, unexpected problems can always occur, for example arena constructions, 
therefore it is considered important that a few teams begin with a break in the schedule.  
 
The pattern set in Figure 6.6 has no breaks in the beginning of the season, which was the 
objective when generating the pattern set. However, since the conditions in Iceland can be 
unpredictable is was decided to generate another pattern set suitable for Icelandic conditions. 
The pattern set in Figure 6.6 was used as the foundation. It only has 24 breaks, which is the 
minimum number of breaks and it has a mirrored break symmetry. This feature can be very 
useful while generating a sport schedule. Competition managers often aim to pair up teams 
so that they never have a home game at the same time.  For example, this is used to avoid 
having too many games in the same area. The competition manager at KSÍ uses this method. 
To be able to achieve having a part of the teams begin the season with a break, two breaks 
were added. Therefore, two of the teams have three breaks in the season, while the other 
teams only have two. The pattern set for the Icelandic league can be seen in Figure 7.1. The 
pattern set was run through Phase I of the model in Chapter 4.1 to generate the round robin 
schedule. The time it took to solve the model was barely under a second. The results for the 
round robin schedule can be seen in Table 7.1.  
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Figure 7.1 Pattern set for the Icelandic League 

 

Table 7.1 Round Robin Schedule for the Icelandic League 

Round 1 1-7 2-8 3-10 4-12 5-11 6-9 
Round 2 5-1 6-2 12-3 9-4 11-7 10-8 
Round 3 1-10 2-11 3-5 4-6 7-9 8-12 
Round 4 11-1 12-2 6-3 4-8 5-9 10-7 
Round 5 1-12 2-5 3-4 7-6 8-11 9-10 
Round 6 6-1 4-2 3-8 5-10 12-7 11-9 
Round 7 1-4 2-3 7-5 8-6 9-12 10-11 
Round 8 3-1 2-9 4-11 6-5 8-7 12-10 
Round 9 1-2 7-3 5-4 10-6 9-8 11-12 
Round 10 8-1 2-7 3-9 4-10 12-5 6-11 
Round 11 9-1 10-2 11-3 7-4 5-8 12-6 
Round 12 1-5 2-4 3-12 6-7 8-10 9-11 
Round 13 7-1 11-2 4-3 5-6 12-8 10-9 
Round 14 1-11 2-12 8-3 6-4 10-5 9-7 
Round 15 12-1 5-2 3-6 4-9 7-10 11-8 
Round 16 1-3 2-6 8-4 9-5 7-11 10-12 
Round 17 4-1 3-2 5-7 6-8 12-9 11-10 
Round 18 1-6 8-2 9-3 10-4 11-5 7-12 
Round 19 2-1 3-7 4-5 6-10 8-9 12-11 
Round 20 1-8 7-2 10-3 11-4 5-12 9-6 
Round 21 1-9 2-10 3-11 4-7 8-5 6-12 
Round 22 10-1 9-2 5-3 12-4 11-6 7-8 
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7.1 Preferences 
The teams partaking in the 2019 season are: Breiðablik, FH, Fylkir, Grindavík, HK, ÍA, ÍBV, 
KA, KR, Stjarnan, Valur and Víkingur R. Four of these teams are located outside the capital 
area. Therefore, six games could be being played in the capital area in the same round. KSÍ 
want to avoid that, therefore at least two of the teams must be paired up. The teams they want 
to be paired are HK and Breiðablik, they are located very near each other in Kópavogur. There 
is a possibility that one pairing is not enough, since there are eight team located in the capital 
area. If the final round robin schedule consists of six capital area games, another pairing 
constraint can be added, and the model run again.  
 
The competition manager at KSÍ sent over the team preferences which he relied on when 
generating the schedule for the 2019 season. These preferences can be seen in Table 7.2. The 
cost factor for each preference was not known, therefore they were estimated. They can be 
changed if the final schedule is not acceptable.  
 

Table 7.2 Team preferences for the 2019 season 

Team Preference 

Breiðablik Away game in the 1st and 2nd round 

FH Home game in the 8th round 
Away game in the 21st round 

Fylkir Home game in the 18th round 

Grindavík Home game in the 7th round 

ÍA Home game in the 10th round 

ÍBV Home game in the 15th round 

KA Home game in the 8th round 

Valur Home game in the 1st round 

Víkingur R. Away game in the 16th round 

 
 
A few preferences are added because of the Champions League and Europa League. The 
teams partaking there are Breiðablik, KR, Stjarnan and Valur. These four teams are paired 
together for the 9th round. The 9th round is played very close to the 8th round, therefore these 
teams have a very tight schedule during that time. This is done so that they have a decent 
pause in the schedule while playing in the qualifiers. The other eight teams play their 9th 
round games later in the season, between the 12th and 13th round, but that is when the four 
teams are playing the first leg of the qualifying round. For the second leg of the qualifiers, 
which take place between the 13th and 14th round, the four teams can not have an away game 
against ÍBV or KA. ÍBV and KA are the farthest away from Reykjavík and therefore they 
want to avoid having the teams which are partaking in the Champions and Europa League 
travel this long distance.  
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Other preferences were to avoid having ÍBV and KA meet in the last two rounds. The reason 
for that is the distance between them and the weather can be unpredictable. ÍBV is located on 
an island in the southside of Iceland while KA is in Akureyri, the northern region of the 
country. The teams must either fly or take a boat to or from Vestmannaeyjar and then drive 
to Reykjavík. Then they fly to Akureyri, which is a one-hour plane ride from Reykjavík. 
Various weather-related problems can be encountered while taking such a long trip at the end 
of September. Therefore, it is better to keep it safe and schedule the games between those 
teams earlier in the season. The largest music festival in Iceland takes place in 
Vestmannaeyjar during the first weekend in August, which is the 15th round in the 2019 
season. ÍBV is in the island Vestmannaeyjar and they have the preference of having a home 
game during that time since a lot of people are staying there during that weekend. However, 
ÍBV do not want a game against Valur, Stjarnan, KR or Breiðablik during that weekend, 
which are the four teams taking part in the Champions League and Europa League.  

7.2 Preliminary Results 
The preferences and constraints discussed in Chapter 7.1 were run through Phase II of the 
model in Chapter 4.2 to assign the teams to patterns. The time it took to solve the model was 
barely under a second. Figure 7.2 shows the preliminary results for the round robin schedule 
for the 2019 season. This schedule satisfies all the preferences stated in Chapter 7.1 except 
two. The two preferences which the schedule doesn’t satisfy are an away game for FH in the 
21st round and a home game for KA in the 8th round. All the preferences regarding the 
Champions League and Europa League are satisfied as well as the pairing between HK and 
Breiðablik. There are at most five games taking place in the capital area during each round.  
 

 

Figure 7.2 The Round Robin Schedule for the 2019 season 
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7.3 Comparison with the KSÍ schedule 
The results in Chapter 7.2 are only preliminary results. The schedule has already started for 
the 2019 season; therefore, the results will be compared to the final KSÍ schedule which was 
generated manually by the competition manager (“KSÍ - Íslandsmót Pepsi Max deild karla 
2019,” 2019).  
 
The KSÍ schedule has 32 breaks, where each team has one, two, three or four breaks in their 
schedule. The schedule satisfies all the preferences stated in Table 7.2 except one, a home 
game for Víkingur R. in the 16th round. Regarding the constraints discussed in Chapter 7.1 
related to the Europa and Champions League, it fulfills all of them. The schedule satisfies the 
constraint of avoiding having KA and ÍBV meet in the last two rounds. The pairing between 
HK and Breiðablik has not been completely fulfilled. They both have a home or an away 
game in the same round six times, in rounds one, seven, eight, thirteen, eighteen and nineteen. 
There are at most five games being played in the capital area during the same round. One 
team begins the season with two home games and one team begins it with two away games. 
The KSÍ schedule has a certain mirroring symmetry, in which the first and the second half 
are identical, except the home advantage is switched. However, there are some rounds where 
the symmetry is excluded, possibly to fulfill all the constraints and preferences.   
 
In conclusion, the 2019 season schedule which KSÍ generated is quite good. They fulfill all 
the constraints and most of the preferences. However, the number of breaks is rather high and 
the distribution of breaks between teams is very uneven. The schedule generated in this paper 
has 26 breaks, where each team has either two or three breaks in their schedule. There is no 
mirroring symmetry as is used in the KSÍ schedule, instead there is a constraint which ensures 
that there are five rounds between matches between two teams. Other constraints in the model 
guarantee that each pair of teams has a game once in the first half of the season and once in 
the second half. This no-symmetry feature in the model is very helpful when generating the 
schedule, since it gives the model more flexibility when trying to fulfill the constraints and 
preferences. The pairing in the KSÍ schedule could as well be improved, the pairing constraint 
placed in the model in this paper guarantees that the pairing is successful. The preliminary 
results presented in Chapter 7.2 satisfy all the most important constraints regarding Europa 
League and Champions League. The schedule also has a limited number of games in the 
capital area during the same round and two teams start the season with either two home or 
two away games. The schedule fulfills all the requirements and preferences with the exception 
of two of the team preferences with the cost of 400. These constraints were for FH having an 
away game in the 21st round and for KA having a home game in the 8th round. These 
constraints were team preferences, not constraints related to the Champions league or Europa 
league.  
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Chapter 8 

8Conclusions 

A two-phased model was generated using integer programming for this project. The model 
was used to solve the game schedule for the men’s highest division in the Icelandic football 
league in collaboration with KSÍ. To begin with, a pattern set with equally distributed breaks 
to maintain fairness, was generated manually and used as an input for the two-phase 
mathematical model. In Phase I of the mathematical model a round robin schedule was 
generated taking several hard constraints into account. A second model was generated to try 
and minimize the breaks in the pattern set. It was done using a large dataset containing all 
possible patterns. In Phase II of the mathematical model the teams are assigned to patterns 
using both hard and soft constraints and depending on team preferences. Each team 
preference was assigned a certain cost factor, decided by the importance of the preference. A 
soft constraint was added in Phase II which forces the model to assign a game between two 
certain teams in a certain round, for example a game in one of the last rounds between the top 
two teams from the year before. 
 
The results show that the model returns a feasible solution while taking both fairness and 
break minimization into account. These results could be of great help to the competition 
manager at KSÍ when scheduling the games for the season as well as a time saver. The 
competition manager schedules the games while relying on the fixed table alignment from 
the KSÍ regulations discussed in Chapter 2. However, this table alignment can be greatly 
improved. The time it takes for the competition manager to schedule the games is very long 
since a lot of the planning must be done manually. The model presented in this project can 
solve either a single or double round robin tournament regardless of the number of teams, 
depending on whether the stakeholders would want a mirrored schedule or not. The model is 
also very quick to present a solution when it is run. Therefore, the results from this project 
could replace the table alignment used at KSÍ.  
 
When this project was started, KSÍ had already created the schedule for the 2019 season. 
Therefore, preliminary results for the 2019 season were generated in this project, using 
preferences and constraints sent in from the competition manager at KSÍ. The final schedule 
fulfilled almost all the constraints that KSÍ had stated for the season. The schedule was 
compared to the KSÍ schedule. The final schedule from this project had fewer breaks and 
fulfilled the pairing constraint completely. The schedule in this project has no mirroring 
symmetry, making it more flexible to fulfilling the constraints and preferences. However, the 
KSÍ schedule satisfied one more team preference than the schedule in this project. Overall 
the schedule generated in this project is estimated to be more favorable. Furthermore, it can 
save the competition manager at KSÍ a lot of time and effort when generating the schedule 
for each season.  
 
If KSÍ or other stakeholders are not satisfied with a given solution, the model can be 
improved. The preferences can rarely be changed since they are often associated with other 
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competitions, they can also be problems regarding the venue availability and so on. Therefore, 
it would be most effective to change the pattern set. The model could be improved by adding 
a constraint into Phase I which ensures that the model returns a slightly different pattern set 
than before, as it has many patterns to choose from. The model could as well be forced to 
choose a certain pattern from the dataset to produce the final pattern set.  
 
The goal of this project was to create a model using integer programming which resulted in a 
schedule for the highest division in the Icelandic football league. This goal has been achieved 
as well as the aim of the project in automating the process of generating the schedule. In the 
future, the process could perhaps be made more convenient and user-friendly by creating a 
single program or executable that runs all the required models through a graphical user 
interface and displays the results in a clear way.  
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