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Abstract In this paper, we first illustrate the state-of-the-art in timeta-
bling research w.r.t. two important research qualities, namely measura-
bility and reproducibility, analyzing what we believe are the most impor-
tant contributions in the literature. Secondly, we discuss some practices
that, in our opinion, could contribute to the improvement on the two
aforementioned qualities for future papers in timetabling research.

For the sake of brevity, we restrict our scope to university timetabling
problems (exams, courses, or events), and thus we left out other equally-
important timetabling problems, such as for example high-school, em-
ployee, and transportation timetabling.

1 Introduction

Thanks mainly to the PATAT conference series, researchers on timetabling prob-
lems have recently started to meet regularly to share experiences and results,
more than in the past. This situation has the positive effect of generating both
a common language and a common spirit that is the base ground for cross-
fertilization of research groups in the timetabling community.

However, according to what we have seen in the recent PATAT conferences,
the road for timetabling to become a well-established research community is still
long. The main issue, in our opinion, is that most timetabling papers tend to
describe the authors’ specific problem and ad hoc solution algorithm without
taking enough care of neither the measurability nor the reproducibility of the
results. The reader is thus “left alone” to judge the quality of the paper, and to
understand what can be learnt from it.

This issue is, to some extent, common to all the experimental areas of com-
puter science and operations research, as clearly explained by Johnson in his
seminal and fundamental paper [14]. Nevertheless, we believe that this is partic-
ularly true in timetabling research, probably because of its shorter tradition as
a scientific community.

Regarding measurability (or comparability), we believe that several “research
infrastructures” are necessary in order to create the ground for truly measurable
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results. Specifically, they range from common formulations, to benchmark in-
stances, to instance generators, to solution validators, and others. Related to it,
but somewhat complementary, is the issue of reproducibility. To this aim, aside
the features just mentioned, it would be also necessary to create the conditions
for sharing code and/or executables among researchers.

In this paper, we try to describe the state-of-the-art with respect to these
crucial qualities of experimental research in timetabling, and we also present
some personal opinions on how to proceed to improve on them. For the sake of
brevity, we restrict our scope to university timetabling problems (exams, courses,
or events), and we left out other equally-important timetabling problems, such
as high-school, employee and transportation timetabling. Nevertheless, to some
extent, the proposed guidelines can have a broader application to all timetabling
domains.

In details, we first survey what, in our opinion, are the most important steps
that have been pursued so far in timetabling research in terms of either mea-
surability or reproducibility of results (Section 2) . Secondly, we propose our
personal “best practices” for improving these two qualities in the timetabling
research (Section 3). Our aim is to encourage both the authors to write research
papers of high level in these important aspects and the reviewers to demand for
it.

2 State of the art

In this section, we review the most remarkable contributions to the aim of creat-
ing the ground for the development of high quality measurable and reproducible
research in timetabling. We first discuss the “standard” problem formulations,
the benchmark instances (datasets), and the related file formats adopted. Next,
we move to the comparison methods proposed, such as competitions and statisti-
cal tools. Finally, we discuss the issue of the objective validation of the proposed
results.

2.1 Problem Formulations & Benchmark Instances

It is well known that timetabling problems vary not only from country to country,
but also from university to university, and even in different departments of the
same university the problem is not quite the same [23].

Nevertheless, throughout the years it has been possible to define common
underlying formulations that could be used for the comparison of algorithms.
In fact, a few basic formulations have become standards de facto, as they have
been used by many researchers. Needless to say, standard formulations allow the
researchers to compare their results and to cooperate for the solution. Further-
more, algorithms developed for more complex ad hoc formulations, can be tested
on the basic standard ones so as to asses their objective quality.

For the EXAMINATION TIMETABLING problem (ETTP), Carter et al [7] pro-
vide a set of formulations which differ to each other based on some components
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of the objective function. They also provided a set of benchmark instances [6] ex-
tracted from real data. Formulations and benchmarks by Carter have stimulated
a large body of research, so that many researches (see, e.g., [4,12,8]) have adopted
one of the formulations of Carter (or a variant of them, creating a new standard
as well), tested on the benchmarks, and also added new instances. For more
complex formulations, additional data have been added by other researchers, in
an arbitrary way. At present, all available instances and the corresponding best
results (up to 2003) are published on the Web [17].

We call LECTURE TIMETABLING problem (LTTP), the problem of weekly
scheduling a set of single lectures (or events). This problem differs from course
timetabling (discussed below) because the latter is based on courses composed
by multiple lectures, whereas lectures are independent. In fact, when a course
is given in multiple lectures per week, some cost components are related to the
way the lectures are placed in the week. On the contrary, this concept is totally
absent in LTTP. The LTTP differs also from ETTP because it has completely
different objectives (e.g., no isolated event vs. spreading exams).

The LTTP has been discussed in [22] and it has been the subject of the time-
tabling competition TTComp2002! [21]. The formulation proposed for TTComp-
2002 has also become quite standard, and many researchers have used it for their
work (see, e.g., [16,9]). Twenty artificial instances were generated for the com-
petition, and they are available from the TTComp2002 web page. In addition, a
few other have been proposed (and made available via web) in [24].

As mentioned above, the COURSE TIMETABLING problem (CTTP), consists in
the weekly scheduling of the lectures of a set of university course. Unfortunately,
no standard formulation has emerged from the community for CTTP so far. Up
to our knowledge, the only formulation available on the Web [11] together with
a set of instances is the one proposed by ourselves in [13], along with 4 instances
coming from the real cases (suitably simplified and made anonymous) in our
university.

2.2 Data Format

For all the problems mentioned above, an important issue for the spreading in
the community of a formulation is the data format. For all the formulations
discussed above, the data format used is an ad hoc fixed-structure text-only one.
For example, for TTComp2002 the input data comes in a single file containing the
scalar values (events, rooms, room features, students), followed by the elements
of the input arrays, one per line. The output format follows the same idea. For
the ETTP the input format is also rather “primitive”, with a fixed grammar and
no formatting tags. Unfortunately, for this problem no output format has been
specified in the original web page and paper.

! In the competition the problem is named CTTP, where C stands for course; but we
believe this is quite misleading, because it deals with isolated lectures/events, rather
than courses composed by many lectures. Therefore we prefer for this problem the
name LTTP
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The use of fixed-structure formats makes it easier to parse the input from
any computer language, and for any (naive) programmer, but may be more
difficult to be maintained and checked. For example, it happened that Carter’s
ETTP instances were replicated incorrectly on other web sites. This was due
to the presence of a few newlines added in the files, that led to different (less
constrained) instances. This unfortunate episode, that might have caused wrong
results in some papers, would have been avoided if a structured format had been
used.

On the other hand, a structured format, such as XML, would be more suitable
in terms of flexibility, extensibility, and maintenance. A few structured format
have been proposed in the literature, such as STTL [5,15] and TTML [19]. In [20],
the authors go even beyond the language, proposing a multi-layer architecture
for the specification and the management of timetabling problems. Up to our
knowledge, however, these proposals have received a quite limited attention so
far. This is probably due to the fact that researchers have normally little interest
in the advantages of a structured language, and they prefer the quick-and-simple
text-only version.

2.3 Comparison Methods & Competitions

The fair comparison of different algorithms and heuristics is well known to be a
complex problem, and it has no simple and straightforward solution. In fact, in
order to assess that an algorithm is “better” than another one it is necessary to
specify not only the instances used, but also on which features they are compared
(e.g., quality of the objective function, success rate, speed, ...). The question
gets even more complicated in presence of randomized/stochastic algorithms,
which add a degree on non-determinism in the solution process.

For the TTComp2002, the solution algorithms (provided as executables) were
granted a maximum CPU time for their execution (based on a CPU benchmark,
about 500 seconds on a recent computer) and they were evaluated only on the
value of the objective function, averaged upon the 20 proposed instances. Un-
feasible solutions where not considered, so that, in order to be admitted to the
evaluation, participants had to find a feasible solution for all instances.

For stochastic algorithms, the participant had to ensure that their solver
could produce the same solution when checked by the organization (by providing
the seed of the random generator). In this situation, it is not clear how to apply
the CPU time restriction and the choice of the organization was to grant the
maximum time for each single trial. This was done to ensure reproducibility,
although it had a drawback. The participants could take advantage of the so-
called Mongolian horde approach: run as many trials as you can with no time
limit and report only the best of all of them.

Up to our knowledge, the TTComp2002 has been the sole attempt in this
respect. All other comparison are based on results published in the literature,
which however often report only part of the necessary information (running
times, number of trials, ...).
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2.4 Result Validation

When some results are claimed in a research paper, the reader (or, more im-
portantly, the reviewer) generally has to trust the author without any actual
proof on the results. Although the possibility that the author is deliberately
claiming a fake result is rare, cases in which the claimed results turned out to
be wrong are relatively frequent. They are normally due to bugs in the code
or misunderstandings in the formulation of the problem, typically the objective
function.

For example, for the Graph Coloring problem, for the famous benchmark
instance DSJC125.5 a 12-coloring has been claimed (and published) in 2002,
whereas it has been successively proved that the minimum number of colors is
17.

Therefore the validation of the results claimed is clearly an important step
toward the full reproducibility of the results. For the LTTP, in the TTComp2002,
the validation of the results was done directly by the organizers, who asked all
the participants to supply an executable that accepts a set of fixed command-line
arguments.

For ETTP, unfortunately, no validation tool is available. Validation is cur-
rently based only on voluntary peer-to-peer interaction based on exchanges of
solutions and values.

For our formulation of the CTTP, we have developed a web page [11] that
allows the other researchers to download the problem formulation, the data
format, and the benchmark instances. More importantly, everybody is allowed
also to validate his/her own solutions, and to insert it among the results obtained
for that instance. All results are automatically published on the web site along
with the date and other information.

3 Proposals

In this section, we highlight some practices that, in our opinion, could contribute
to the improvement on measurability and reproducibility for future papers in
timetabling research. Part of what we propose here can be found also in [14],
although we try to extract the advices by Johnson that we believe best suit to
the current state of timetabling research.

3.1 Statistically Principled Comparison

One of the key issues of performance measurement (often underestimated) con-
cerns the methods to deal with the random nature of many methods for obtaining
a sound comparison of the different techniques. In the practice, this issue is often
neglected and just some tendency indicators of the stochastic variables like mean
values (and, more seldom, also standard deviations) in n runs (with n ~ 10) are
provided. Furthermore, in a rather myopic view, these summary values are often
advocated as the final word on the clear superiority of a technique over their
competitors.
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However, as it is common expertise of other research areas, when dealing with
stochastic variables it is not correct to draw any conclusion only on the basis
of single estimates but a principled statistical analysis on the behavior of the
algorithm is needed (see, e.g., [1,27]). Even in the simplest cases of comparison of
two means the analysis should include some kind of hypothesis testing (e.g., the
t-test or the Mann-Whitney test for the parametric and the non-parametric case,
respectively), that at least provides the reader with a (probability) measure of
“confidence” in the result. For more complex settings further analyses could be
carried on and the statistical tool-case is plenty of methods for correctly coping
with several situations that arises in practice (see, e.g., [18]).

As an example, Birattari [2] has proposed a principled methodology for the
comparison of stochastic optimization algorithms, called RACE, which comes out
also as a software tool for the R statistical package [3]. This procedure, originally
developed for the purpose of selecting the parameters of a single meta-heuristic,
could be employed also in the case of the comparison of multiple algorithms
by testing each of them on a set of trials. The algorithms that perform poorly
are discarded and not tested anymore as soon as sufficient statistical evidence
against them is collected.

This way, only the statistically proven “good” algorithms continue the race,
and the overall number of tests needed to find the best one(s) is limited. Each
trial is performed on the same randomly chosen problem instance for all the
remaining configurations and a statistical test is used to assess which of them
are discarded.

It is worth to notice that the statistical comparison of algorithms outlined in
this section is based on the assumption of having access at previous results (or
better at the code) of the different techniques involved in the comparison. This
is clearly related to the issue of reproducibility of results that, in our opinion,
can be achieved observing the guidelines described in the following.

3.2 Formulation, Data Format, Instances, and Results on the Web

As already mentioned, many papers in timetabling describe the modeling and
the ad hoc solution of a new timetabling problem. For this kind of papers, in
general we cannot expect that the authors make all the steps for obtaining full
measurability and reproducibility such as, for example, publishing all the code. In
fact, this would be quite a big work that would probably be too time-consuming
for a researcher, aside possible employer’s concerns. Nevertheless, we believe that
there are a few actions that could contribute in these respects, which are not
too expensive in terms of work.

First, the authors must state the problem clearly and exhaustively. If this
is not possible in the paper for space reasons, the full formulation should be
posted in an accompanying web site. Secondly, the authors should also post in
the web site all the instances considered (changing names for privacy reasons, if
necessary) in the study, along with all the necessary information accompanying
them: data format, algorithms, results, and running times. Finally, the authors
should post also the files containing their best solutions, so that other researcher
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can verify the actual results, and possibly use that solutions for further studies
and improvements.

These actions would ensure comparability with the results on future research
by other researchers or also by the same authors?.

3.3 Web-based Problem Management System

Nowadays it is very common to see web sites that describe all aspects of either a
specific problem, see e.g. [10,25], or a research area [26]. These web sites normally
exhibit references to papers, people, problem formulations, benchmark instances,
and supply other information.

Web sites are surely very useful for the community, and their presence is
crucial for the quality of the research. Nevertheless, we believe that there is a
further step to be made to this regard. Inspired by the well-known concept of
CMS (content management system), we envision the idea of developing what
we would call PMS (problem management systems). A PMS is a web applica-
tion (rather than a web site) that should allow the users to interact with the
application performing automatically all the following tasks:

Add results: New results are first validated, and then possibly inserted in the
database along with time-stamp and other user-supplied information.

Add instances: Instances can be inserted at any moment. Researchers that
are interested in the problem can be automatically informed by email of this
kind of events.

Manage instance generation: Newly generated instances can be created au-
tomatically by users through interaction with an instance generator.

Analyze instances and results: Instances and results can be analyzed auto-
matically so as to produce important indicators: constrainedness, similarity
to other instances or other results, ...

Add general information: People, references, links, code, and other informa-
tion can be added. Links would be validated periodically in an automatic
way, and broken ones can be removed. References can also be imported from
other sites.

Translate data: Input and output data can be translated in different formats
so that coherent data can be proposed in different format to the community.

Organize on-line competitions: Competitions on specific instances and with
registered participants and fixed deadlines can be organized automatically.
Results can be reported immediately.

Visualize: Solutions can be visualized in graphical form to give an immediate
picture of the features and the violations.

The interesting point is that information posted through the PMS would get
on-line immediately in an automatic way. Obviously, a PMS needs to provide
against possible malicious uses, and therefore some of the actions mentioned

2 Many researchers (including ourselves!) experienced the frustration of loosing their
solutions (or other data) for some of the problems they worked on.
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above would need the approval of the administrator before becoming effective.
This however would be just a Yes/No button, so that the administrator is pushed
to answer shortly.

The PMS would also maintain historical data (through versioning systems),
in such a way to be able to retrieve information eliminated by updates and
deletions.
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