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SPORTS SCHEDULING

Each match A – B is played at the venue of the home team (A), with the

opponent (B) being the away team.

We focus on double round robin tournament (2RR): 

each team plays twice against each other team: once at home, once away
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The problem:

given a set of matches,

given a set of rounds (time slots),

decide which matches are scheduled on which rounds.



SPORTS SCHEDULING
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The problem:

given a set of matches,

given a set of rounds (time slots),

decide which matches are scheduled on which rounds.

Assumptions: 

• a team can play at most 

one match per round

• time-constrained 

schedules

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

A-B B-E B-D B-C F-B B-A E-B D-B C-B B-F

C-D D-A A-F E-A D-E D-C A-D F-A A-E E-D

E-F F-C E-C F-D A-C F-E C-F C-E D-F C-A

A time-constrained schedule for a 2RR tournament with 6 teams (A-F)



A BRIEF HISTORY
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Scheduling round robin tournaments

Thomas P. Kirkman (1806 – 1895)

Constructs a feasible

schedule (for any number

of teams) with the clock

method (1847)

The resulting schedule is 

called a “canonical

schedule”.



A BRIEF HISTORY
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1975: IBM 5100

The 60’s and 70’s: a lack of computational tools



A BRIEF HISTORY
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The 80’s: how to minimize breaks

Theoretical work by de Werra

• 1RR ~ 1-factorization of K2n

• Orientation of edges to minimize 

breaks

away break

home break



A BRIEF HISTORY
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The (late) 90’s: first real-life applications

• Computing power increases

• Methodological breakthroughs

• Manual solutions still dominant

• Craftspeople, e.g. Henri & Holly 

Stephenson (MLB)



A BRIEF HISTORY
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The turn of the century: the age of consulting
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The turn of the century: the age of consulting

Lack of benchmarking

• The literature consists mostly of specific case studies, with tailor-

made algorithms.

• Problem instances are rarely shared.

• Algorithms are almost never benchmarked.

Lack of generality & understanding

• To what extent do approaches work well on other sports scheduling 

problems?

• When do algorithms work well, and why?

• Can we develop a general solver that can handle a wide variety of 

constraints?



FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament 

timetabling problems

2. A standard problem instance data format

3. A benchmark instance set

4. General sport scheduling solvers

5. Algorithm selection & insights
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1. CLASSIFICATION SCHEME

Each sport scheduling problem can be classified using 3 

fields:

̶ α : competition format

̶ β : constraints in use

̶ γ : objective function

[inspired by the notation for machine scheduling problems by Graham et al. (1979)]
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1. CLASSIFICATION SCHEME
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α : competition format



1. CLASSIFICATION SCHEME

β : constraints in use

5 constraint groups:

• Capacity constraint (CA1 – CA5)

• Game constraints (GA1 – GA2)

• Break constraints (BR1 – BR4)

• Fairness constraints (FA1 – FA6)

• Separation constraints (SE1 – SE2)
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1. CLASSIFICATION SCHEME

β : constraints in use

For each constraint c, we define: 

• hard or soft constraint

• a deviation vector Dc

• cost function fc

• constraint weight wc
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1. CLASSIFICATION SCHEME

γ : objective function

• No objective (∅)

• Minimum (weighted) breaks (BR)

• Travel distance minimization (TR)

• Cost minimization (CR)

• Minimum (weighted) carry-over effect value (CO)

• Minimum soft constraint violation (SC)

15



1. CLASSIFICATION SCHEME

Notation overview
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1. CLASSIFICATION SCHEME

Classifying the literature
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1. CLASSIFICATION SCHEME

Online query tool
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www.sportscheduling.ugent.be/RobinX/query.php

http://www.sportscheduling.ugent.be/RobinX/query.php


FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament 

timetabling problems

2. A standard problem instance data format

3. A benchmark instance set

4. General sport scheduling solvers

5. Algorithm selection & insights
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2. A STANDARD DATA FORMAT

20
www.sportscheduling.ugent.be/RobinX

• User-friendly web-application

• Open-source C++ library to read, write, validate XML files

https://www.sportscheduling.ugent.be/RobinX


2. A STANDARD DATA FORMAT

Problem instance repository

21www.sportscheduling.ugent.be/RobinX

https://www.sportscheduling.ugent.be/RobinX


2. A STANDARD DATA FORMAT

Online validator

1. Select (or generate) your instance

22www.sportscheduling.ugent.be/RobinX/validator.php

http://www.sportscheduling.ugent.be/RobinX/validator.php


2. A STANDARD DATA FORMAT

Online validator

1. Select (or generate) your instance

2. Generate / upload your solution

23www.sportscheduling.ugent.be/RobinX/validator.php

http://www.sportscheduling.ugent.be/RobinX/validator.php


2. A STANDARD DATA FORMAT

Online validator

1. Select (or generate) your instance

2. Generate / upload your solution

3. Press validate

24www.sportscheduling.ugent.be/RobinX/validator.php

http://www.sportscheduling.ugent.be/RobinX/validator.php
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3. A BENCHMARK INSTANCE SET

26

Tournament structure (α)

2RR 

Time-constrained

Phased, or no symmetry

Objective function (γ)

Minimize sum of soft 

constraint penalties (SC)

[satisfy all hard constraints]

Constraints (β)

Capacity constraints (CA1-4)

Break constraints (BR1-2)

Fairness constraints (FA2)

Game constraints (GA1) 

Separation constraints (SE1)

Setting the scope

Goal: develop a diverse set of challenging and realistic problem instances

Starting point
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Tournament structure (α)

2RR

Time-constrained

Phased, or no symmetry

Objective function (γ)

Minimize sum of soft 

constraint penalties (SC)

[satisfy all hard constraints]

Constraints (β)

Capacity constraints (CA1-4)

Break constraints (BR1-2)

Fairness constraints (FA2)

Game constraints (GA1) 

Separation constraints (SE1)

Setting the scope

How to characterize problem instances?

Using problem “features” (= measurable properties of a problem instance)

• Number of teams

• Symmetry (phased or not)

• For each hard constraint type: number

• For each soft constraint type: number

Goal: develop a diverse set of challenging and realistic problem instances
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Tournament structure (α)

2RR

Time-constrained

Phased, or no symmetry

Objective function (γ)

Minimize sum of soft 

constraint penalties (SC)

[satisfy all hard constraints]

Constraints (β)

Capacity constraints (CA1-4)

Break constraints (BR1-2)

Fairness constraints (FA2)

Game constraints (GA1) 

Separation constraints (SE1)

Setting the scope

How to characterize problem instances?

Goal: develop a diverse set of challenging and realistic problem instances
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How to visualize set of problem instances?

Goal: develop a diverse set of challenging and realistic problem instances

Feature vector Feature space (18D) 2D space

See e.g. Smith-Miles et al. (C&OR, 2014)

PCA

𝑥 =

𝑥1
𝑥2
⋮
𝑥18
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Goal: develop a diverse set of challenging and realistic problem instances

These instances may be challenging and realistic, but not diverse.

So let’s try to fill the gaps: target instances 

(within the red “convex hull” of realistic instances)



3. A BENCHMARK INSTANCE SET
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Goal: develop a diverse set of challenging and realistic problem instances



3. A BENCHMARK INSTANCE SET
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Goal: develop a diverse set of challenging and realistic problem instances

Final check: are these instances challenging?

Empirical hardness check

• Integer programming solver

• Constraint programming solver

• Fix-and-optimize matheuristic

Note: feasible solution exists by design.

Feasible solution found within 1 hour for 12 (IP), 

16 (CP) and 15 (F&O) instances.

None solved with proven optimality.

Solutions with different objective values found.
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4. GENERAL SPORT SCHEDULING SOLVERS

How to develop general sport scheduling solvers?

International Timetabling Competition (ITC2021)

34

1st ITC 2002

2nd ITC 2007

3rd ITC 2011

4th ITC 2019

5th ITC 2021

University course timetabling

Examination & course timetabling

High-school timetabling

University timetabling

Sports timetabling

History of ITC competitions



4. GENERAL SPORT SCHEDULING SOLVERS
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Main competition rules:

̶ No computation time or technology restrictions 

(one deadline for all problem instances)

̶ Organizers do not run algorithm code

̶ The same version of the algorithm must be used 

for all instances

̶ For each instance, points are awarded according 

to the position of the competitor

̶ Ordering of participants is based on weighted sum 

of points for all early, middle and late instances



4. GENERAL SPORT SCHEDULING SOLVERS
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5. ALGORITHM SELECTION AND INSIGHTS

Computational experiment

̶ 7 algorithms from ITC 2021

̶ 1 newly generated algorithm 

(FBHS)

-> algorithm portfolio with a variety 

of approaches
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5. ALGORITHM SELECTION AND INSIGHTS

Using the same approach, we generated 518 additional 

problem instances
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5. ALGORITHM SELECTION AND INSIGHTS

Experimental settings:

̶ Every algorithm is given 2 weeks time for the 518 instances

̶ Each algorithm is run on infrastructure available at the 

developing institution

40



5. ALGORITHM SELECTION AND INSIGHTS
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absolute performance gap
#instances for which a 

feasible solution was found



5. ALGORITHM SELECTION AND INSIGHTS

Overview of best performing algorithms
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5. ALGORITHM SELECTION AND INSIGHTS

Algorithm footprint: Udine

43

Phased

SE1 soft
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Algorithm footprint: FBHS

44

BR2 Soft
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Algorithm footprint: Modal

45

Phased

BR2 Hard



5. ALGORITHM SELECTION AND INSIGHTS

Can we predict which algorithm will work well on which instance?

46

Classification models
• K-nearest neighbours (kNN)

• Random forest (RF)

• Gradient-boosted trees (GB)

• Support vector machines (SVM)

Regression variants
• K-nearest neighbours (kNN)

• Random forest (RF)

• Gradient-boosted trees (GB)

• Support vector machines (SVM)

• Majority voting (MV)
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Validation set Test set



5. ALGORITHM SELECTION AND INSIGHTS

Feature permutation based on the kNN classifier, showing for each feature 

the mean decrease in classification accuracy when disabling the feature.
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CONCLUSION

From consulting

• find a customer with a particular problem

• develop a clever tailor-made method

• celebrate your success of beating a manual solution

• do not disclose the problem specifics

to science

• share your problem instance (RobinX XML instance repository)

• test your approach on other instances (benchmark instance set)

• learn what the strengths and weaknesses of your algorithm are 

(footprints)

• understand why, and improve

49
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