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1 Introduction

Creating timetables for sports competitions is a complex matter due to conflicting
interests of many stakeholders. Apart from some basic constraints, each competition
has its own requirements and as a result, no generally applicable solution method
exists [8]. For example, the minimization of consecutive home and away matches
is key within most professional competitions (e.g. [1,4]), whereas respecting player
availability is far more important in non-professional competitions (e.g. [6,14]).

In a round-robin timetable, often called a schedule, every team plays against every
other team a fixed number of times. Although a few contributions have been made to
organize various constraints that occur in round-robin timetabling, they did not result
in a generally applicable classification or file format for problem instances and solu-
tions. Bartsch, Drexl, and Kroger [1] describe several sports competitions by means
of organizational, attractiveness, and fairness constraints. Rasmussen and Trick [13]
list eight common constraint types. Kendall, Knust, Ribeiro, and Urrutia [8] are the
only authors to distinguish between different objective functions. Nurmi et al. [10]
are the first to set up a (plain text-only) file format to store instances, and propose a
set of artificial and real-world instances together with the best solutions found so far.
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This format, however, has limited utility with respect to the ease of data manipulation
and is not extensible towards several real-world problems. The lack of a generally ac-
cepted classification and data format makes it extremely difficult to assess algorithmic
performance. This forms one of the main obstacles in current algorithmic progress
since little general insights have been gained from previous computational studies.
One notable exception is the traveling tournament problem [3] that minimizes the
total team travel in the timetable. For this problem, various algorithmic results have
been reported after a set of artificial benchmarking instances had been made publicly
available [3].

This paper presents preliminary results of an XML-driven three-field classifi-
cation scheme for round-robin sports-timetabling problems. For the definition of an
instance and its solution, we propose two XML-file-based templates and a C++-library
(RobinX) to evaluate both files'.

2 Three-field notation

In the late 1970s, Graham et al. [7] introduced a three-field notation that is now
widely used to distinguish between different machine scheduling problems. This sec-
tion proposes a similar three-field notation (ot /8 /7) to describe different variants of
the sports-timetabling problem.

The a-field represents the competition format (), the compactness (), and
the symmetry properties of the timetable (03). First, the ; part denotes a k round-
robin tournament between n teams by the symbol kRR”. Next, the a, part catego-
rizes a timetable as compact (C™) if the number of available time slots m is no more
than the minimal number required to play all matches [8]. Otherwise the timetable is
time-relaxed (R™). Many k round-robin timetables are split into k intervals that each
contain a single round robin. In the mirrored scheme (M), for example, the order of
the opponents in each interval is identical to that of the previous interval but the home
advantage is switched. Similarly, the o3 field can take on one of the values I (inverse
scheme), E (English scheme), or F (French scheme) [5].

Second, the B-field lists around 30 constraints partitioned into six constraint
groups that classify the vast majority of the constraints from the literature. Place con-
straints (PL) enforce a team to play home or away in a certain time slot. Group con-
straints (GR) define restrictions applicable for a set of teams (team groups) or a set of
time slots (slot groups). Next, break constraints (BR) limit and distribute the number
of breaks, i.e. two successive home or away matches. Game constraints (GA) enforce
or forbid a match to be assigned to a particular time slot. Fairness constraints (FA) dis-
tribute timetable inconveniences over all teams. Finally, separation constraints (SE)
regulate the number of time slots between successive matches of a team. Constraints
are either hard or soft and have a non-negative penalty weight: the total cost induced
by a constrained is (a transformation of) the amount of violation multiplied with the
penalty weight [9,11]. The cost of violated hard constraints contributes to the infea-
sibility value of a timetable whereas the cost of violated soft constraints is included

I All source code and a more fine-grained description of this project can be found on www.
sportscheduling.ugent.be/RobinX.
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Table 1 Example of a specific constraint for each constraint group.

PL1  No team from team group 7" can have less than k;, or more than k., home matches (away
matches, matches) in slot group S.

GR3 At least ny;, and at most n,,,, teams from team group 7 must simultaneously play a home
match (away match, match) in slot group S.

BR1  No team from team group 7' can have a break in slot group S.

GA1  All matches (the k-th match) between (home) team i and team j must be timetabled before
(after) time slot s.

FA2  The difference in the number of home matches (away matches, matches) for any pair of teams
must not be larger than k in any (the final) stage of the tournament.

SE3  Any team in team group 7" must have at least m,,;, and at most m,,,, time slots between con-
secutive matches.

into the objective value of a timetable. A timetable is feasible if and only if it has an
infeasibility value of zero.

Lastly, the y-field refers to the objective function in use. The minimum break ob-
jective (BM) constructs break-minimal timetables. Alternatively, the minimum travel-
distance function (TR) can be used to model the traveling tournament problem [3].
Based on estimated costs or revenues, the minimum cost or maximum revenue prob-
lem (CR) constructs cost-minimal timetables [2]. In contrast to the previous objec-
tives, which require that all constraints from the ¢-field are hard, the soft-constraints
objective (SC) minimizes the cost resulting from violated soft constraints while still
respecting all hard constraints.

3 XML Format

Motivated by the success of XML in other research disciplines [9,11, 12], we propose
two intuitive XML standards for exchanging datasets in the field of sports timetabling.
The first standard is used to store an instance of the problem and is made up of six
different blocks. To begin with, a metadata block stores descriptive information such
as the name of the contributor. Next, a data block holds static information, e.g. pair-
wise team distances, needed for the evaluation of a solution. Then, a resource block
defines all team groups, teams, slot groups, and slots. The last three blocks encode
the three-field notation as outlined in Section 2. The second XML standard represents
a solution for the problem instance. This XML file consists of two blocks: a metadata
block, and a block that enumerates all matches. In addition, we present RobinX: a
free and open-source C++-library to read, write, generate, manipulate, validate, and
evaluate both XML-files. If a solution respects all hard constraints as described by the
instance file, the program returns the objective value of the solution. Otherwise, the
program returns a list with all violated soft and hard constraints. RobinX is embed-
ded in a user-friendly web application with a database of benchmark instances and
their best-known solutions. This database uses the three-field notation to group prob-
lem instances and their solutions into several archives that can be searched through
by a simple query tool. With this paper, we invite researchers to join the project and
submit their own problem instances and solutions.
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