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Preface

In January I started thinking about how to fill up my internship. It was for sure that I preferred going abroad. I wanted to have some international experience. My opinion was that studying in another country was the best way to learn about the country and its culture. Dr. Schreuder gave me the email address from Dr. Henz in Singapore. His reaction was enthusiastic, and so it started rolling. It took some time before everything was arranged. But, finally, in July I heard that I could come to the National University of Singapore.

I want to thank Dr. Martin Henz for supervising me and I want to thank Dr. Jan Schreuder for providing all the information from the Dutch Soccer League. I also want to thank Ka Boon, Ka Loon, Kenny, Jeff and Mei Quing for the nice lunches every day. And to all the people who made my stay in Singapore worth wile.  

Introduction

This is the report from my internship at the School of Computing from the National University of Singapore. The internship is a part of my studies Applied Mathematics in the University of Twente in the Netherlands.

 It took place from the 28th of August 2000 till the 17th of November. My supervisor was Dr. Martin Henz, who worked together with Dr. Schreuder from the University of Twente on the problem of tournament scheduling before.

Every year Dr. Schreuder schedules the Dutch Soccer League. It is a quite important task. Soccer is the national sport in the Netherlands and a lot of money and different party’s are involved. You can think of the teams with their fans, the cities where the games take place, the police forces, the sponsors. This scheduling task is, due to this party’s, a complex problem. It takes a lot of time and experience to come up with a good schedule, where everyone can live with.

For my research project it was the aim to consider the problem of the Dutch Football League from another approach as Dr. Schreuder does. 

Besides this real world problem, I also did some work on a more general problem which deals with intermural round robin tournament scheduling. This problem contained  the generation of pattern sets from home-away patterns and the generation of basic match schedules. A round robin tournament is a tournament where every team plays every other team exactly a n number of times, when n equals two, we speak of a double round robin tournament. Intermural means that the teams play or on its own ground or on the ground of the opponent. The question is how many pattern sets exists when they are subject to some requirements and how many basic match schedules can we find using all these pattern sets.

This report contains the results of my project. It is build up as follows. It starts with a brief history of the problem of sports timetabling and the Dutch Soccer League in chapter two. Chapter three deals with the problem of Intermural Tournament Planning. Chapter four deals with the scheduling of the Dutch Soccer League and in chapter five it ends with the conclusions.

Brief history about Sports Timetabling

Sports TimeTabling (STT) [10, 11]  is an area which catches an increasing attention lately. STT used to be an activity performed by volunteers mostly by pen & paper. Everyone used own rules and just a few constraints had to be fulfilled. This situation is rapidly changing nowadays. Sport Leagues are organised more professionally even for the non-professional teams and more interests beside the sportive requirements are involved like commercial and safety aspects. So, the Sport Leagues need more structural methods in order to construct their competition timetables or schedules. An essential part of the problem is to explain to others like League administrators why STT is such a hard problem even for small numbers. Empirical evidence shows that with these kind of timetables up to 80% of the assignments are easy, to 90% becomes harder and 95% is nearly impossible forgetting about 100%. The main cause is that it is hard to say which of the already assigned matches should be undone for improving. Just the matching without any requirement is a piece of cake.

The basics of a STT is to establish the three W’s: When (date of the match/round), Where (place to play the match) and Who (opponents), while taking into account the three C’s: Compactness (do all teams play each round), Completeness (do all teams meet each other) and Complexity (is the problem easy or hard).

A specific problem is the timetable for the Dutch Soccer League. This league contains 18 teams which play a double round robin tournament (every team plays every other team twice). The league consist of the Top League and the First League. A lot of requirements are involved. Some examples are: Teams can’t play at home in certain rounds because the stadium is not available, two teams can’t play together at home because they share the same stadium. Risk matches can’t be played on certain dates because the police force is not available. And so on.  

An artificial constraint is perfect mirroring. Perfect mirroring will say that the schedule in the second half of the competition is the same as the first half except that the home-away pattern is opposite. This constraint makes scheduling easier, but it is not a strictly requirement in many cases. But here we always assume perfect mirroring.

The Royal Dutch Football League (KNVB) first fixes the dates at which the matches could be played. Then, for each date or competition round, the teams should be matched to each other and which one of each pair should play at home. With this assignment a number of often conflicting request pushed forwards by KNVB-clubs-FIFA-police-sponsors have taken into account such that a robust, balanced and fair fixture list results. In view of the large still increasing number of requirements and the large number of possible assignments, applying integer programming methods is very fruitful for structuring the problem (which basic problem is at issue) as well as to reach for an acceptable solution chosen from a representative selection of alternatives. The complexity of this is represented by the relation between the number of requirements and assignments. 

Until now, the problem starts with a specific Basic Match Schedule (BMS). A BMS gives for each number of clubs in a league for each match the home-away-assignment and the opponent. For example, club A has the playing order +B –C +D –E…, this means that club A plays the first match home against team B, the  second match away against team C, and so on. 

Using this BMS, teams are assigned to patterns from this BMS, taking the requirements into account. The objective is to fulfil all requirements. After assigning the teams, a schedule is made. Assigning the teams is done in three stages.

At first the clustering takes place. Every team is assigned to a possible pattern from the BMS, so that most requirements are fulfilled. After that the possible optimal schedules are made with these assignments. Because there are always some conflicting requirements, the optimal schedules made in stage 2 will not fulfil every requirement. After stage 2 every single requirement which is not fulfilled is taken into account. The ones which are not that important will be neglected, with the other ones it is tried to optimise the schedule.

Because you work in different stages, the amount of unfulfilled requirements in stage 3 can be very high. 

The starting point in this case is the BMS. This makes it difficult to find a good solution because you exclude a big amount of patterns.  It is already clear which team number plays against which other team number in which round away or home. When you start with only a fixed home-away-pattern, it is still open what the opponents are. Basically you start from a higher level, which gives more opportunities to find a good solution.

Intermural Tournament Planning

1.1 Problem description

The first problem concerns with Intermural Tournament Scheduling. This problem falls apart in two sub-problems. The first one is the generatation of home-away patterns followed by the generation of feasible patterns sets for double round robin tournaments. These pattern sets are used for the second part of the problem, that is the computation of all basic match schedules.

The formal description to these problems looks as follows;

1.1.1 Patterns

The problem starts with generating patterns. A pattern indicates the way in which a team can play home or away throughout the competition. A break in a pattern means a number of home (or away) matches in a row. The patterns are subject to three criteria. 

1. No team may have a break longer than two.

2. No team may have more than three breaks in a competition.

3. A pattern can be split into two halves, the second is mirrored to the first.

1.1.2 Pattern sets

The patterns are used to make feasible pattern sets for a double round robin tournament.  A pattern set consist of n patterns, where n is the number of teams. A pattern set is subject to the following criteria:

1. The set has to have n/2 occurrences of home matches and the same number of away matches per date.
This criterium is necessary for making it possible that every team can meet an other team in every round.

2. The set has a minimal number of breaks. 

3. The set is feasible, which means the pattern set can lead to a basic match schedule.

1.1.3 All Basic Match Schedules

The pattern sets are used for generating basic match schedules (BMS). A BMS gives for each club and for each match the home – away assignment and the opponent. These BMS are subject to a number of criteria:

1. No team can play it self.

2. Each team plays each other team exactly once during the first half of the competition.

3. In each round the teams are paired. A team A can only play another team B, if team B plays team A.

4. A team that plays home, can only play against a team that plays away.

5. The second half of the competition is mirrored to the first.

The goal is to find all possible BMS using all feasible pattern sets. 

1.2 General Model

In this part the general model is described. This is the formal model to the problem in the problem description. 

The model is represented as a constraint satisfaction problem (CSP).  A CSP is a triple P = (X, D, C), where X is a finite set of variables, and D assigns to each variable 
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 such that each constraint is satisfied. This means that for every constraint c on variables 
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1.2.1 Patterns

A suitable model for pattern generation [2] consist of 0/1 variables 
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. A team that plays according to the pattern represented by these variables plays home (away) at date j if and only if hj = 1 (aj = 1).

The constraints are listed below. 

1. For all 
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4. For all 
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1.2.2 Pattern sets

The next step is to generate suitable sets of N patterns, where N is the number of teams that joins the tournament. The patterns are represented in 
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matrices H and A of 0/1 values, where hi,j (ai,j) indicate whether the pattern i fixes date j to a home game (away game). For each pattern i, a 0/1 variable xi indicates whether this pattern occurs in the resulting pattern set.  

The model we use is an “opponent model”, which means that the model is extended by using the model for opponents . Pattern sets are sets of home-away patterns that satisfy the simple row and column constraints 1, 2 and 3 described below. However, not all such pattern sets lead to schedules even if there are no other side constraints. To exclude the pattern sets which don’t lead to a schedule we add the model for opponents. This model is described in constraints 4,…,8.  In the opponents matrix, used here, the opponents are assigned to the teams. The matrix is O and its entries oi,j. The constraints are:
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Following Trick [13] we exclude pairs of patterns in which there is no possible meeting date for corresponding teams. More formally,


3. For every pair 
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The constraints for using the opponents matrix are:

4. For all teams i, 1( i ( N, and rounds j, 1( j ( N-1: 
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where the constraints all-different and one-factor [5] are defined as follows:
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Implementation

For the implementation of the model, we use programming system Mozart 1.1.0 [7] for the concurrent constraint language Oz [12]. Oz provides extensive support for finite domain constraint programming.

The technique we use for solving the problem is Constraint Programming. Constraint programming is very useful on some practical applications, especially tightly constrained problems.  It makes it possible to represent constraints in a practical way and to search for a global optimum to the problem.

This chapter gives an explanation about constraint programming followed by the way the model is implemented using this technique.

1.2.3 Constraint Programming

Finite-domain constraint programming [2] is a technique designed for solving combinatorial search problems. Every variable of the model is represented by a finite-domain variable. A constraint store stores information on such a variable in the form of the set of possible values that the variable can take; this set is called the current domain of the variable. More formally, the constraint store is a conjunction of constraints of the form 
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, where S is a set of integers. Computation starts with an initial domain for each variable as given in the model. Some constraints can be directly entered in the constraint store. For example, the constraint 
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can be expressed in the constraint store by removing 5 from the domain of x. 

Other more complex constraints are translated by the programmer into computational agents called propagators. Each propagator observers the variables given by the corresponding constraint in the problem. Whenever possible, it strengthens the constraint store with respect to these variables by excluding values from their domain according to the corresponding constraint. For example, a propagator for the constraint x ( y observes the upper and lower bounds of the domains of x and y. A possible strengthening consists of removing all values from the domain of x that are greater than the upper bound of the domain of y. Apart from arithmetic constraints, propagators can express complex symbolic relationships between variables, such as the constraint that the values of given variables should be distinct integers.

The process of propagation continues until no propagator can further strengthen the constraint store. The constraint store is said to be stable. At this point, many problem variables typically have still non-singleton domains. Thus the constraint store does not represent a solution, and search becomes necessary.

Search for solutions is implemented by choice points. A choice point generates a constraint c. From the current stable constraint store cs, two new constraint stores are created by adding c and 
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, respectively, to cs. It is quite possible that the new constraint stores are not stable, in other words c or 
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trigger some propagators in the respective new store. After stability is reached, this branching process is continued recursively on both sides until every leaf of the resulting search tree is either inconsistent or every variable has a unique value. The choice of the constraint c at each branching determines the shape and size of the search tree and thus is a crucial factor for performance of the search. The success of constraint programming relies on good choices. A mechanism to systematically generate the constraints is called a search strategy. A common search strategy is based on variable enumeration, i.e. the constraints c have the form x = v for some variable x and some value v from it’s domain.

A constraint programming system takes care of activating propagators, reaching stability and performing the search. The programmer can concentrate on translating the constraints into appropriate propagators and specifying the search  strategy. Finite-domain constraint programming systems support this task through libraries of propagators and search strategies.

A constraint satisfaction problem is arc-consistent with respect to one of its constraints c on variables x1,….,xk, if for each index 
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. A CSP is arc-consistent, if it is arc-consistent with respect to all of its constraints. Arc-consistent propagation is a propagation technique that turns a given CSP into an arc-consistent CSP.

1.2.4 Implementation and propagation algorithms for Pattern Sets 

The patterns, which are generated in the part patterns, are used to generate the feasible pattern sets with a minimal amount of breaks. We implemented the model in four different ways:

· Compute all perfectly mirrored that fulfill the constraints 1, 2 and 3 in the General Model of the pattern sets.

· Add a matrix of opponents variables to the first model and impose the opponent constraints using arc-consistent all-different team wise and a naive implementation of one-factor (not arc-consistent) round-wise (naïve).

· Add a matrix of opponents variables to the first model and impose the opponent constraints using arc-consistent all-different team wise and a naive implementation of one-factor (not arc-consistent) round-wise plus redundant arc- consistent all-different round-wise.

· Add a matrix of opponents variables to the first model and impose the opponent constraints using arc-consistent all-different team wise and arc-consistent one-factor round wise..

Propagation algorithms are implemented for the constraints for a round robin tournament. We use arc-consistent propagation with respect to the all-different constraint and with respect to the one-factor constraint.

These propagation techniques are described by Regin [8, 9] and are summarized in [4].

1.2.5 Branching strategy

For branching we enumerate a 0/1 vector. This vector expresses you whether a pattern is included in the pattern set. If the first element of this vector is a 1, then the first pattern is included in the pattern set.

Results

In this part are the results according to the patterns and the pattern sets [5] represented. 

1.2.6 Patterns

All patterns are generating with an amount of breaks smaller or equal to three. We found 30 patterns. 

1.2.7 Pattern sets

The 30 patterns are used to generate the feasible pattern sets with a minimal amount of breaks. We used the four different implementations to compare the quality of the solutions and the runtime behavior of these different implementations.

Table 4-1 gives the results. Note that for 14 and 18 teams, we observe a difference between the number of solutions between a naïve implementation of one-factor and an arc-consistent implementation. Arc-consistent one-factor is not able to prune any more branches in the search tree than arc-consistent all-different, but is slightly faster in our implementation. Further experimentations show that there are round robin tournaments corresponding to all pattern sets obtained from search using the arc consistent one-factor constraint, except four of the 84 pattern sets for n=18.


No opponents
Naïve
All-different
One-factor

n
S
F
UT
S
F
UT
S
F
UT
S
F
UT

6
1
0
0.06
1
0
0.06
1
0
0.08
1
0
0.06

8
4
0
0.17
2
2
0.28
2
2
0.38
2
2
0.20

10
15
0
0.87
4
10
1.27
4
10
1.79
4
10
1.12

12
56
0
5.60
10
35
5.56
10
35
7.92
10
35
5.13

14
210
0
51.4
20
120
27.3
17
123
35.8
17
123
23.2

16
792
0
221.
46
380
116.
46
378
167.
46
378
101.

18
3003
0
973.
101
1171
484.
84
1182
691.
84
1182
423.

Table 4‑1: n is the number of teams, S is the number of solutions, F is the number of failures and UT stands for the user time.

1.2.8 All Basic Match Schedules

The branching strategy we used for searching all BMS is naïve search with the mid-value. So it takes the first domain which is not fixed yet, and it takes the value which is in the middle of this domain.

Searching for basic match schedules using the pattern sets leads to a huge number of  schedules. Because the number of schedules is that big, there are no results worth mentioning. We see that it is usually easy for feasible pattern sets to generate large numbers of BMS.

Dutch Soccer League

1.3 Description TOTO problem


This real world problem deals with generating a timetable for the TOTO-league, which is the second league of the Dutch Soccer League. This league consists of 18 teams. The teams are:

1. ADO Den Haag (ADO) 

2. Cambuur (CAM) 

3. FC Den Bosch (DBS) 

4. Dordrecht '90 (DOR)

5. Eindhoven (EHV) 

6. Emmen (EMN) 

7. Excelcior (EXC)

8. Go Ahead Eagles (GAE) 

9. Helmond Sport (HEL)

10.HFC Haarlem (HRL) 

11.SC Heracles (HRC) 

12.MVV (MVV) 

13.Telstar (TEL) 

14.TOP Oss (TOP) 

15.BV Veendam (VND) 

16.VVV (VVV)

17.FC Volendam (VOL) 

18.FC Zwolle (ZWO) 

The teams play according to a double round robin tournament. The competition consist of 34 rounds. Each round will be played in a given week. 

The aim is to maximize satisfaction of the following constraints. All constraints have the same value.

The problem has five types of constraints. 

1. Degredants constraints. There are a some degredants of the KPN-league (first league), these degredants are not allowed to play each other in the first round. These constraints consists of 6 separate ones. 

Degredant

CAM

DBS

MVV

Table 5‑1: Degredants

2. Away slot constraints. Teams have their requirements of playing away in some rounds. The reason they want to play away is for example that the stadium is not available or there are other competing events. The problem has 32 of these constraints. 13 of the 18 teams demand to play away in a couple of rounds:

Team
Round

ADO
2, 3, 26, 30

CAM
29

DBS
1, 3, 22

EHV
1, 5, 9, 11, 22

EXC
28, 30

GAE
1, 3

HEL
2, 7

HRC
1, 3

HRL
6, 29, 31

MVV
2, 12, 22

VND
29

VOL
4, 28

VVV 
15, 22

Table 5‑2: Away Slot

3. No home with another TOTO-team constraints. Some teams are not allowed to play home with some other teams from the same league. The reason is that they share the same stadium or the same public. This type consist of 6 different constraints, each with a maximum amount of games they can play home with the other team. Each team has 34 sub-constraints, because it is possible that the teams play home together in 34 rounds. 

Team
No Home With
Max at home together

DBS
TOP
4

GAE
ZWO
2

HRL
TEL
2

TEL
HRL
2

TOP
DBS
2

ZWO
GAE
2

Table 5‑3: Not home with TOTO


4. No home with a KPN-team constraints. Some teams are not allowed to play home on the same date teams from the KPN-league play home, for the same reasons as the third type of constraints. This type consists 11 constraints with in total 140 different sub-constraints. Each team can play home together with the KPN team whenever that KPN-team plays home, so every constraint consist of sub-constraints. An example of a constraint is DOR can play maximal 4 games home together with FEY. A sub-constraint is DOR cannot play home in the first round. So the actual constraint is the sum of the amount of games the team plays home together with the KPN team may not exceed the limit. The starting point is that the home-away-pattern (HAP) from the KPN league is given.    

Team
No Home With KPN
Max at home together

CAM
HRV
2

DOR
FEY
4

EHV
PSV
2

EXC
FEY
2

EXC
SPA
4

HRL
AZ
4

HRC
TWT
2

MVV
RJC
2

MVV
FTS
6

VND
GNG
2

VVV
PSV
6

Table 5‑4: Not home with KPN

The home-away pattern from the KPN-league is the following:

1 means playing home, 0 means playing away, N means that the KPN-league doesn't play on the same date as the TOTO-league in that round, so it's not important where the teams play in that round.


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

FEY
1        
0
N
1
N
N
0
1
1
0
1
0
1
0
N
0
1

PSV
0
0
N
N
N
N
1
1
1
1
0
1
1
1
1
0
N

HRV
0
0
N
N
N
N
0
1
0
0
0
1
0
0
1
N
0

TWT
0
1
N
N
N
N
0
1
1
0
1
0
1
N
0
0
0

NAC
1
1
N
N
N
N
0
0
0
0
0
N
0
1
0
1
1

GNG
1
0
N
N
N
N
1
1
0
0
0
N
0
1
1
1
1

AZ
0
0
N
N
N
N
0
1
1
1
1
1
0
N
0
0
0

RJC
0
0
N
N
N
N
1
1
0
1
0
1
0
1
1
1
0

FTS 
0
1
N
N
N
N
1
0
0
1
1
0
1
0
0
1
1

SPA
0
1
N
0
N
N
1
0
0
1
0
1
0
1
N
1
0


18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

FEY
N
0
1
1
1
0
N
0
0
0
1
1
0
1
0
N
N

PSV
N
0
0
0
0
1
N
1
1
0
0
1
0
1
0
N
N

HRV
N
0
1
1
1
1
N
0
1
1
0
1
1
0
1
N
N

TWT
N
0
1
0
1
1
0
1
0
0
1
1
0
1
0
N
N

NAC
N
0
1
1
0
0
0
1
1
1
0
1
0
1
0
N
N

GNG
N
1
1
0
1
0
N
0
1
1
0
1
0
1
0
N
N

AZ
N
1
0
0
N
1
1
1
1
0
1
0
1
1
0
N
N

RJC
N
1
N
1
0
0
1
0
0
0
1
1
0
0
0
N
N

FTS 
N
N
0
1
0
0
0
1
0
1
0
0
1
0
1
N
N

SPA
N
1
0
0
0
1
N
1
1
1
0
0
1
0
1
N
N

Table 5‑5: Home-Away pattern KPN league

5. Risk matches constraints.  Some matches cannot be played in some rounds because for example the police forces are not available or there are other events going on in the city. Most of these matches are risk matches. This type consist of 62 different constraints.  

Team
Forbidden at home with
Round

ADO
DBS
33, 34

CAM
DBS, MVV
1

DBS
ADO, TOP
33, 34

DBS
CAM, MVV
1

EHV
ADO
33, 34

EXC
ADO
33, 34

GAE
ADO, ZWO 
33, 34

HRL
ADO, TEL
33, 34

HRC
GAE, ADO, ZWO, EMN
33, 34

MVV
ADO
33, 34

MVV
CAM, DBS
1

TEL
HRL, ADO, DBS
33, 34

TOP
ADO, DBS
33, 34

VND
CAM, DBS
33, 34

VOL
ADO, DBS
33, 34

VVV
ADO
33, 34

ZWO
GAE, HRC, EMN, ADO 
33, 34

Table 5‑6: Risk Matches

The goal is to find a round robin schedule that maximizes the cost function.

The cost function is: Minimize the amount of violations. 

A violation is made when the timetable does not satisfy a constraint. A constraint of the first type is violated when two degredants do play each other in the first round. A constraint of the second type is violated when a team plays home in a certain round, while its requirement was to play away in that round. A constraint of the third and fourth type is violated when the amount of games the team plays home with the other team exceed the limit, in other words, when the amount of violations of sub-constraints of a team is bigger then its maximum value. A constraint of the fifth type is violated when the teams do play each other in the forbidden rounds. 

The cost function expresses the total amount of violations. For the third and fourth type of constraints, the cost function starts counting the violations when this amount is bigger then its maximum value. For example, DBS cannot play home with TOP with a maximum of 4 games where it can play home together. If DBS plays 6 times home together with TOP in the final schedule, the cost function counts 6 – 4 = 2 violations.

General model TOTO problem

In this part the general model is described. This is the formal model to the problem in the problem description. The model is again represented as a CSP.

The TOTO problem is modeled as an optimization problem. The constraints are over-determined due to conflicting interests of the different parties involved. This means, that there will be no feasible solution, when every constraint is hard. To solve the problem  the amount of violations of every type of constraints are counted and this amount is minimized. The obtained schedule will not fulfill every constraint. In practice, the constraints which are left over, will be fulfilled after several meetings with the parties involved.

The tournament consists of 34 rounds, each round is played in a given week. Every team has a fixed date in a week where it plays its home match. When it plays a risk match it is played on a different day as when it plays a regular match. 

We consider this problem using the rounds and not the dates. Most teams have requirements according to rounds. When the requirements involve dates, we can translate them to rounds. 

The optimization problem is modeled as:

Objective function:
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Subject to the following soft constraints: 

1. Degredants constraints:  
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Where oDi,1 stands for the opponent of degredant team i from table 4-1 in round 1. When the opponent is a degredant, 
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2. Away slot constraints: 
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Where ht,r stands for the home-away pattern from team t in round r, see table 4-2. It sums over every away slot constraint.


3. Not home with TOTO constraints:
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Where t1 stands for the team that cannot play home with team t2, see table 4-3. 
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returns a 1 if t1 and t2 play either both a regular match or both a risk match home in round r. The sum over r counts the amount of violations for one single TOTO constraint, this amount is important when it exceeds the limit given for each pair t1, t2 . The sum over t1 and t2 counts the total amount of violations. ‘pos’ stands for positive, the sum over r minus the limit is only taken into account when this sum is positive.

4. Not home with KPN constraints: 
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Where t1 stands for the team from the TOTO league that cannot play home with  team t2 from the KPN league, see table 4-4. 
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 returns a 1 if t1 plays home together with t​2 in round r. The sum over r counts the amount of violations for one single TOTO constraint, this amount is important when it exceeds the limit given for each pair t1, t2 . The sum over t1 and t2 counts the total amount of violations. ‘pos’ stands for positive, the sum over r minus the limit is only taken into account when this sum is positive.

5.  Risk match constraints:
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returns a one if t1 plays home against t2 in round r. This is not allowed according to table 4-6, so it returns a violation when this happens. It sums over all risk match constraints.

Implementation TOTO problem

We implement the TOTO optimization problem as a constraint programming model in Oz [12]. The starting point for the search is one of the generated pattern sets. We prove experimental which pattern set is the best to find an optimal basic match schedule. 

All idiosyncratic constraints are implemented as soft constraints.  For every constraint we count the amount of violations which are made in the generated schedule. An optimization function minimizes this amount.

The implementation is build up as follows, first we assign teams to patterns from the pattern set. Then we assign opponents to the teams.

1.3.1 Assigning teams to patterns according Cain’s method [3].

We have 18 patterns for 18 teams. Each team has to be assigned to a HA pattern, which are listed in the chosen matrix PatternSets. The resulting assignment is represented in a matrix TeamHAP. This matrix contains 0/1 variables whose entries TeamHAPt,r tell if team t plays home (if it is a 1) or away (if it is a 0) in round r. For this assignment we introduce n finite domain variables pi, 1( i ( n. Each team t plays according to the pattern in row pt of the matrix TeamHAP. 

The way we set up the matrix TeamHAP using the vector pi, is expressible with the so-called element propagator [1]. The element propagator takes as argument a finite domain variable k, a vector of integers v and a finite domain variable w.

element (k, v, w)

The semantics is vk = w. Propagation can restrict the possible values for k, if a value in v is eliminated from w, and it can eliminate a number x from w, if the last index that pointed to an x in v is eliminated from k. 

In this particular case the element propagator looks as follows: for all t, r; element(pt, column, TeamHAPt,r). Where column stands for a column from the matrix PatternSets. The search strategy of Cain’s method first assigns teams by enumerating the variables in p. 

1.3.2 Assign opponents to the teams and rounds

For assigning opponents to the teams we fill the opponents matrix O with numbers from 1 to 18. To do this in such a way that we obtain an opponents matrix that fulfills all constraints we implement these constraints as propagators. The constraints, which are necessary for computing a good double round robin tournament are already described in the general model for the pattern sets.

The idiosyncratic constraints from the TOTO problem are implemented as propagators. For the implementation of all these constraints we use reified constraints [6]. Reified constraints reflect the validity of a constraint C into a 0/1-valued finite domain integer. The propagator realizing a reified constraint is called the reification propagator. All reification propagators constrain their last argument to a 0/1-valued finite domain integer. An example for one component of the objective function is from the degredant constraints. This constraint looks as follows: 
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. We implement the sum over j as a reified sum. When degredant i plays degredant j in round 1, it will return a 1, otherwise a zero. This makes it possible for the sum over i to count the number of violation. 

The cost function is the sum over all components. We use the optimization function which counts all violations to solve the problem. This optimization function searches for the best solution with the cost directed search method. 

The cost directed search method computes on every level in each node the cost. It chooses the node with the lowest cost and searches from that node further in the search tree. See drawing below for a graphical representation of a part from such a search tree.
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Search tree for cost directed search (artwork by: m.g.)

Results TOTO problem

This part deals with the results from the TOTO problem.

We searched for the best solution using one of the generated pattern set. There were 84 pattern sets found (with four ‘open’ cases). The program searched for the best solution for every single pattern set using cost directed search. 

For the experimentation we run the program with all 84 pattern sets. After three minutes the program is terminated and starts running again using the next pattern set. We choose for three minutes, because the program will find at least one solution in this time. After all pattern sets are used, we checked which pattern sets gave the best solutions. These pattern sets are used for running the program again, but now for a longer time, to see if the program can find a better solution.

After the first running, we found four solutions with an amount of violations smaller then 45. Running the program longer on these pattern sets didn’t find a better solution in reasonable time. In the appendix 8.1 is the best solution found displayed together with a violation report. 

There are 35 violations, 0 for degredants, 2 for playing home together with a TOTO team, 23 for playing home with a KPN team, 10 for away slot and 0 for risk matches.

This solution is found after three minutes running the program using this pattern set. Running the program for a longer reasonable time, didn’t give a better solution.

The solution improves the solution found so far to this problem by Dr. Schreuder. His solution had 44 violations. The technique he used for finding this solution is integer programming.

The pattern sets which are used are placed in a certain order. Experiments on changing the order found out that this is from big influence on the first solution. Randomizing the order of the patterns in the pattern set can be done by a random vector containing the numbers 1 to n. First we compute this random vector, this vector tells us in what way the patterns are placed in the pattern set. This pattern set is used for the search.

The choices which are made high in the search tree are important for finding a good solution in reasonable time. Cost directed search makes some arbitrary decisions high in the search tree. When the arbitrary decision was not the best one, it can take a long time to find the best solution.

A good alternative for the search would be an improved version of cost driven search. This search should take smarter decisions higher in the search tree. Because of a lack of time we didn’t do any experiments yet with an improved search method.

Conclusions

I analyzed two different problems. On the one hand the theoretical problem concerning Intermural Tournament Scheduling with its sub-problems; the generation of pattern sets and basic match schedules. On the other hand the real world problem of the Dutch TOTO League. Both can go to a conclusion now. First I discuss the problem of the pattern sets followed by the Dutch TOTO League.

1.4 Intermural Tournament Planning

We analyzed the use of the global constraints all-different and one-factor for constraint-based search for round robin tournament schedules. We conclude from a sequence of experiments that arc-consistent propagation for the all-different constraint is crucial for efficient solutions of all tournament scheduling problems considered. Arc-consistent propagation for the one-factor constraint is essential for round robin tournaments with home-away patterns. Using these algorithms, we could enumerate all feasible pattern sets for round robin tournaments with a minimal number of breaks for up to 16 teams. For 18 teams, there are 4 open cases.

1.5 TOTO problem

We analyzed the scheduling problem of the Dutch TOTO league. Starting point was a generated pattern set. We modeled the problem as an optimization problem and implemented it in the programming language Oz using the technique of constraint programming. 

After a runtime of three minutes on one pattern set we found a solution that improved the solution found so far with 9 violations. This was the solution of Dr. Schreuder, which had 44 violations, he used integer programming to find this solution. The schedule we found had 35 violations.

It was impossible to find a global optimum in reasonable time. An improved version of the search method, can lead to a better solution. Because of a lack of time we didn’t experiment with this un till now.

We can conclude from this that constraint programming seem to offer many opportunities in finding a good schedule in reasonable time. 

This kind of real world problems has the problem that the one who provides the data keeps on asking more in a very late stadium. The KNVB (Royal Dutch Soccer Association) can’t predict in a early stadium what the constraints are going to be for the next season. So in practice they can come up with new data in a very late stadium. 

The model and the technique we used for this problem makes it possible to implement these new constraints easily as global constraints and to find a new solution that optimizes the extended problem in reasonable time. 
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Appendix

1.6 Solution TOTO problem

Optimal Solution TOTO problem

             | 1     2     3     4     5     6     7     8     9     

1     ADO    | -ZWO  +HRC  -VOL  +VVV  -HRL  +DOR  -GAE  +EXC  -TEL  

2     CAM    | -VOL  +HEL  -HRC  +HRL  -VVV  +GAE  -EXC  +EMN  -MVV  

3     DBS    | +VND  -GAE  +TEL  -MVV  +ZWO  -TOP  +EHV  -HEL  +HRC  

4     DOR    | +TOP  -EHV  +ZWO  -VND  +HEL  -ADO  -VVV  +HRC  -HRL  

5     EHV    | -HEL  +DOR  -HRL  +HRC  -EMN  +VVV  -DBS  +VOL  -EXC  

6     EMN    | +GAE  -TEL  +MVV  -TOP  +EHV  -ZWO  +VND  -CAM  +HEL  

7     EXC    | -VVV  +VOL  +GAE  -TEL  +TOP  -MVV  +CAM  -ADO  +EHV  

8     GAE    | -EMN  +DBS  -EXC  +VOL  +TEL  -CAM  +ADO  -MVV  +TOP  

9     HEL    | +EHV  -CAM  +VND  -ZWO  -DOR  +HRC  -HRL  +DBS  -EMN  

10    HRL    | +TEL  -TOP  +EHV  -CAM  +ADO  -VND  +HEL  -ZWO  +DOR  

11    HRC    | +MVV  -ADO  +CAM  -EHV  +VND  -HEL  +ZWO  -DOR  -DBS  

12    MVV    | -HRC  +VVV  -EMN  +DBS  -VOL  +EXC  -TEL  +GAE  +CAM  

13    TEL    | -HRL  +EMN  -DBS  +EXC  -GAE  +VOL  +MVV  -TOP  +ADO  

14    TOP    | -DOR  +HRL  -VVV  +EMN  -EXC  +DBS  -VOL  +TEL  -GAE  

15    VND    | -DBS  +ZWO  -HEL  +DOR  -HRC  +HRL  -EMN  +VVV  -VOL  

16    VVV    | +EXC  -MVV  +TOP  -ADO  +CAM  -EHV  +DOR  -VND  +ZWO  

17    VOL    | +CAM  -EXC  +ADO  -GAE  +MVV  -TEL  +TOP  -EHV  +VND  

18    ZWO    | +ADO  -VND  -DOR  +HEL  -DBS  +EMN  -HRC  +HRL  -VVV  

             | 10    11    12    13    14    15    16    17    

1     ADO    | +EMN  -MVV  +DBS  -TOP  +CAM  +EHV  -VND  +HEL  

2     CAM    | +TEL  -DBS  +TOP  +EHV  -ADO  +VND  -DOR  +ZWO  

3     DBS    | -DOR  +CAM  -ADO  +VVV  -HRL  -EMN  +EXC  -VOL  

4     DOR    | +DBS  -VOL  +EXC  -EMN  +GAE  -TEL  +CAM  -MVV  

5     EHV    | +GAE  -TOP  +TEL  -CAM  +MVV  -ADO  -ZWO  +VND  

6     EMN    | -ADO  +HRC  -HRL  +DOR  -VVV  +DBS  +VOL  -EXC  

7     EXC    | -VND  +ZWO  -DOR  +HRC  -HEL  +HRL  -DBS  +EMN  

8     GAE    | -EHV  +VND  -ZWO  +HEL  -DOR  +HRC  -VVV  +HRL  

9     HEL    | +VVV  -TEL  +VOL  -GAE  +EXC  -MVV  +TOP  -ADO  

10    HRL    | -HRC  -VVV  +EMN  -VOL  +DBS  -EXC  +MVV  -GAE  

11    HRC    | +HRL  -EMN  +VVV  -EXC  +VOL  -GAE  +TEL  -TOP  

12    MVV    | -TOP  +ADO  -VND  +ZWO  -EHV  +HEL  -HRL  +DOR  

13    TEL    | -CAM  +HEL  -EHV  +VND  -ZWO  +DOR  -HRC  +VVV  

14    TOP    | +MVV  +EHV  -CAM  +ADO  -VND  +ZWO  -HEL  +HRC  

15    VND    | +EXC  -GAE  +MVV  -TEL  +TOP  -CAM  +ADO  -EHV  

16    VVV    | -HEL  +HRL  -HRC  -DBS  +EMN  -VOL  +GAE  -TEL  

17    VOL    | -ZWO  +DOR  -HEL  +HRL  -HRC  +VVV  -EMN  +DBS  

18    ZWO    | +VOL  -EXC  +GAE  -MVV  +TEL  -TOP  +EHV  -CAM  

             | 18    19    20    21    22    23    24    25    26    

1     ADO    | +ZWO  -HRC  +VOL  -VVV  +HRL  -DOR  +GAE  -EXC  +TEL  

2     CAM    | +VOL  -HEL  +HRC  -HRL  +VVV  -GAE  +EXC  -EMN  +MVV  

3     DBS    | -VND  +GAE  -TEL  +MVV  -ZWO  +TOP  -EHV  +HEL  -HRC  

4     DOR    | -TOP  +EHV  -ZWO  +VND  -HEL  +ADO  +VVV  -HRC  +HRL  

5     EHV    | +HEL  -DOR  +HRL  -HRC  +EMN  -VVV  +DBS  -VOL  +EXC  

6     EMN    | -GAE  +TEL  -MVV  +TOP  -EHV  +ZWO  -VND  +CAM  -HEL  

7     EXC    | +VVV  -VOL  -GAE  +TEL  -TOP  +MVV  -CAM  +ADO  -EHV  

8     GAE    | +EMN  -DBS  +EXC  -VOL  -TEL  +CAM  -ADO  +MVV  -TOP  

9     HEL    | -EHV  +CAM  -VND  +ZWO  +DOR  -HRC  +HRL  -DBS  +EMN  

10    HRL    | -TEL  +TOP  -EHV  +CAM  -ADO  +VND  -HEL  +ZWO  -DOR  

11    HRC    | -MVV  +ADO  -CAM  +EHV  -VND  +HEL  -ZWO  +DOR  +DBS  

12    MVV    | +HRC  -VVV  +EMN  -DBS  +VOL  -EXC  +TEL  -GAE  -CAM  

13    TEL    | +HRL  -EMN  +DBS  -EXC  +GAE  -VOL  -MVV  +TOP  -ADO  

14    TOP    | +DOR  -HRL  +VVV  -EMN  +EXC  -DBS  +VOL  -TEL  +GAE  

15    VND    | +DBS  -ZWO  +HEL  -DOR  +HRC  -HRL  +EMN  -VVV  +VOL  

16    VVV    | -EXC  +MVV  -TOP  +ADO  -CAM  +EHV  -DOR  +VND  -ZWO  

17    VOL    | -CAM  +EXC  -ADO  +GAE  -MVV  +TEL  -TOP  +EHV  -VND  

18    ZWO    | -ADO  +VND  +DOR  -HEL  +DBS  -EMN  +HRC  -HRL  +VVV  

             | 27    28    29    30    31    32    33    34    

1     ADO    | -EMN  +MVV  -DBS  +TOP  -CAM  -EHV  +VND  -HEL  

2     CAM    | -TEL  +DBS  -TOP  -EHV  +ADO  -VND  +DOR  -ZWO  

3     DBS    | +DOR  -CAM  +ADO  -VVV  +HRL  +EMN  -EXC  +VOL  

4     DOR    | -DBS  +VOL  -EXC  +EMN  -GAE  +TEL  -CAM  +MVV  

5     EHV    | -GAE  +TOP  -TEL  +CAM  -MVV  +ADO  +ZWO  -VND  

6     EMN    | +ADO  -HRC  +HRL  -DOR  +VVV  -DBS  -VOL  +EXC  

7     EXC    | +VND  -ZWO  +DOR  -HRC  +HEL  -HRL  +DBS  -EMN  

8     GAE    | +EHV  -VND  +ZWO  -HEL  +DOR  -HRC  +VVV  -HRL  

9     HEL    | -VVV  +TEL  -VOL  +GAE  -EXC  +MVV  -TOP  +ADO  

10    HRL    | +HRC  +VVV  -EMN  +VOL  -DBS  +EXC  -MVV  +GAE  

11    HRC    | -HRL  +EMN  -VVV  +EXC  -VOL  +GAE  -TEL  +TOP  

12    MVV    | +TOP  -ADO  +VND  -ZWO  +EHV  -HEL  +HRL  -DOR  

13    TEL    | +CAM  -HEL  +EHV  -VND  +ZWO  -DOR  +HRC  -VVV  

14    TOP    | -MVV  -EHV  +CAM  -ADO  +VND  -ZWO  +HEL  -HRC  

15    VND    | -EXC  +GAE  -MVV  +TEL  -TOP  +CAM  -ADO  +EHV  

16    VVV    | +HEL  -HRL  +HRC  +DBS  -EMN  +VOL  -GAE  +TEL  

17    VOL    | +ZWO  -DOR  +HEL  -HRL  +HRC  -VVV  +EMN  -DBS  

18    ZWO    | -VOL  +EXC  -GAE  +MVV  -TEL  +TOP  -EHV  +CAM  

%%% Violation Report %%%

overall violation value: 35

no-home-with-KPN


violation value: 23

VIOLATED:  CAM not home with HRV no more than 2 times; EXCEEDED BY: 4 fulfilled: DOR not home with FEY no more than 4 times

VIOLATED:  EHV not home with PSV no more than 2 times; EXCEEDED BY: 3

VIOLATED:  EXC not home with FEY no more than 2 times; EXCEEDED BY: 5

VIOLATED:  EXC not home with SPA no more than 4 times; EXCEEDED BY: 1

VIOLATED:  HRL not home with AZ no more than 4 times; EXCEEDED BY: 3

VIOLATED:  HRC not home with TWT no more than 2 times; EXCEEDED BY: 1

VIOLATED:  MVV not home with RJC no more than 2 times; EXCEEDED BY: 2

fulfilled: MVV not home with FTS no more than 6 times

VIOLATED:  VND not home with GNG no more than 2 times; EXCEEDED BY: 4

fulfilled: VVV not home with PSV no more than 6 times

no-home-with-toto


violation value: 2

fulfilled: DBS not home with TOP no more than 4 times

fulfilled: GAE not home with ZWO no more than 2 times

VIOLATED:  HRL not home with TEL no more than 2 times; EXCEEDED BY: 1

VIOLATED:  TEL not home with HRL no more than 2 times; EXCEEDED BY: 1

fulfilled: TOP not home with DBS no more than 2 times

fulfilled: ZWO not home with GAE no more than 2 times

AwaySlot


violation value: 10


VIOLATED:  ADO Away in round 2:


fulfilled: ADO Away in round 3:


VIOLATED:  ADO Away in round 26:


VIOLATED:  ADO Away in round 30:


fulfilled: CAM Away in round 29:


VIOLATED:  DBS Away in round 1:


VIOLATED:  DBS Away in round 3:


fulfilled: DBS Away in round 22:


fulfilled: EHV Away in round 1:


fulfilled: EHV Away in round 5:


fulfilled: EHV Away in round 9:


fulfilled: EHV Away in round 11:


VIOLATED:  EHV Away in round 22:


fulfilled: EXC Away in round 28:


fulfilled: EXC Away in round 30:


fulfilled: GAE Away in round 1:


fulfilled: GAE Away in round 3:


fulfilled: HEL Away in round 2:


fulfilled: HEL Away in round 7:


fulfilled: HRL Away in round 6:


fulfilled: HRL Away in round 29:


fulfilled: HRL Away in round 31:


VIOLATED:  HRC Away in round 1:


VIOLATED:  HRC Away in round 3:


VIOLATED:  MVV Away in round 2:


fulfilled: MVV Away in round 12:


VIOLATED:  MVV Away in round 22:


fulfilled: VND Away in round 29:


fulfilled: VVV Away in round 15:


fulfilled: VVV Away in round 22:


fulfilled: VOL Away in round 4:


fulfilled: VOL Away in round 28:

RiskMatches


violation value: 0


fulfilled: ADO No riskmatch against DBS in round 33:


fulfilled: ADO No riskmatch against DBS in round 34:


fulfilled: CAM No riskmatch against DBS in round 1:


fulfilled: CAM No riskmatch against MVV in round 1:


fulfilled: DBS No riskmatch against ADO in round 33:


fulfilled: DBS No riskmatch against ADO in round 34:


fulfilled: DBS No riskmatch against TOP in round 33:


fulfilled: DBS No riskmatch against TOP in round 34:


fulfilled: DBS No riskmatch against CAM in round 1:


fulfilled: DBS No riskmatch against MVV in round 1:


fulfilled: EHV No riskmatch against ADO in round 33:


fulfilled: EHV No riskmatch against ADO in round 34:


fulfilled: EXC No riskmatch against ADO in round 33:


fulfilled: EXC No riskmatch against ADO in round 34:


fulfilled: GAE No riskmatch against ADO in round 33:


fulfilled: GAE No riskmatch against ADO in round 34:


fulfilled: GAE No riskmatch against ZWO in round 33:


fulfilled: GAE No riskmatch against ZWO in round 34:


fulfilled: HRL No riskmatch against ADO in round 33:


fulfilled: HRL No riskmatch against ADO in round 34:


fulfilled: HRL No riskmatch against TEL in round 33:


fulfilled: HRL No riskmatch against TEL in round 34:


fulfilled: HRC No riskmatch against ADO in round 33:


fulfilled: HRC No riskmatch against ADO in round 34:


fulfilled: HRC No riskmatch against GAE in round 33:


fulfilled: HRC No riskmatch against GAE in round 34:


fulfilled: HRC No riskmatch against ZWO in round 33:


fulfilled: HRC No riskmatch against ZWO in round 34:


fulfilled: HRC No riskmatch against EMN in round 33:


fulfilled: HRC No riskmatch against EMN in round 34:


fulfilled: MVV No riskmatch against ADO in round 33:


fulfilled: MVV No riskmatch against ADO in round 34:


fulfilled: MVV No riskmatch against CAM in round 1:


fulfilled: MVV No riskmatch against DBS in round 1:


fulfilled: TEL No riskmatch against HRL in round 33:


fulfilled: TEL No riskmatch against HRL in round 34:


fulfilled: TEL No riskmatch against ADO in round 33:


fulfilled: TEL No riskmatch against ADO in round 34:


fulfilled: TEL No riskmatch against DBS in round 33:


fulfilled: TEL No riskmatch against DBS in round 34:


fulfilled: TOP No riskmatch against ADO in round 33:


fulfilled: TOP No riskmatch against ADO in round 34:


fulfilled: TOP No riskmatch against DBS in round 33:


fulfilled: TOP No riskmatch against DBS in round 34:


fulfilled: VND No riskmatch against CAM in round 33:


fulfilled: VND No riskmatch against CAM in round 34:


fulfilled: VND No riskmatch against DBS in round 33:


fulfilled: VND No riskmatch against DBS in round 34:


fulfilled: VOL No riskmatch against ADO in round 33:


fulfilled: VOL No riskmatch against ADO in round 34:


fulfilled: VOL No riskmatch against DBS in round 33:


fulfilled: VOL No riskmatch against DBS in round 34:


fulfilled: VVV No riskmatch against ADO in round 33:


fulfilled: VVV No riskmatch against ADO in round 34:


fulfilled: ZWO No riskmatch against GAE in round 33:


fulfilled: ZWO No riskmatch against GAE in round 34:


fulfilled: ZWO No riskmatch against HRC in round 33:


fulfilled: ZWO No riskmatch against HRC in round 34:


fulfilled: ZWO No riskmatch against EMN in round 33:


fulfilled: ZWO No riskmatch against EMN in round 34:


fulfilled: ZWO No riskmatch against ADO in round 33:


fulfilled: ZWO No riskmatch against ADO in round 34:
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